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An evaluation of crop residue utilization in smallholder crop-livestock systems was 
investigated in two different experiments. The first experiment determined grain and 
haulms yields of groundnut, and growth performance of Djallonké sheep fed groundnut 
haulms, cultivated at three  different inter-row plant spacings of 30x15cm2, 45x15cm2, 
60x15cm2 and 75x15cm2. The experiment was arranged as a randomized complete 
block design. A total of 60 Djallonké sheep were divided into 12 groups and replicated 
3 times. In the second experiment, grain and stover yields, and nutritional quality. In the 
second experiment, grain, stover yields nutritional quality of leaf stripping of different 
varieties of maize at different physiological stages of maturity was assessed in in a 3 × 
3 factorial treatment arrangement. The three maize varieties (Obatanpa, Omankwa and 
Abontem) and physiological stage (silking and tasselling) were arranged in a split plot 
design with four replications. In experiment I, plant spacing significantly (P<0.05) 
influenced grain and fodder yields with haulm and grain yields decreasing with 
increasing inter-row plant spacing. Plant spacing also affected feed intake (P<0.001), 
final weight (P=0.008), weight gain (P=0.010) and ADG (P=0.010). Sheep fed haulm 
obtained from 30x15cm2, inter-row spacing had lower feed intake compared to 
45x15cm2 and 75x15cm2. However, the growth performance (final weight, weight gain 
and ADG) of sheep fed haulms obtained from 30 x15cm2 were superior (P<0.05) to 
those fed haulms from 45 x15cm2, 60 x15cm2 and 75 x15cm2 plant spacing. In the 
second experiment, interaction of leaf stripping and maize maturity-type was not 
significant on grain, stover, and fodder yields. Similarly, leaf stripping did not have any 
effect on (P>0.05) grain, stover, and feed yields. Moreover, leaf stripping by maize-
maturity type’s interaction and its main effects had no significant effect on crude 
protein, neutral detergent fibre, acid detergent fibre, metabolizable energy, and in vitro 
organic matter digestibility The study recommends that crop-livestock farmers are 
encouraged to cultivate groundnut at a spacing of 30x15cm  to obtain the highest results 
with regards to fodder yield, grain yield and growth performance of sheep. Moreover, 
farmers adopt the technology of leaf stripping to solve the perennial feed challenges 
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The availability of reliable feed supply is crucial in livestock production. Green fodder 
is a significant component of feed for ruminant production. Smallholder livestock 
production in Ghana is constrained by low quality feed resources. In most livestock 
production systems, the inability of livestock producers in emerging nations to fulfill 
the feeding requirements of animals throughout the year remains a major technical 
constraint (Ayantunde et al., 2005).  
In the wet season, availability of accessible feed is another limitation in some 
communities in Northern Ghana as a result of the cultivation of arable crops in 
compound farms (Awuma, 2012). Crop farming at the homestead referred to as 
‘compound farming’ is popular but not practiced in every community as in some places 
a collective agreement had to be made annually as to whether compound farming will 
be practiced or not (Karbo and Agyare, 2002).  
This communal agreement has negative implications on ruminant grazing activities 
during the farming season since if the community decides to allow compound farming, 
all small ruminant livestock will have to be confined during the cropping season 
otherwise they will be allowed to graze freely (Konlan et al., 2016). Confinement of the 
animals, mostly small ruminants (goat and sheep) results in zero grazing hence the 
farmer has to exclusively feed them.  
This results in a challenging situation since the smallholder farmer has to obtain feed 
for the confined animals at the peril of other farming ventures in the rainy season. This 
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feed problem together with other limiting elements contributes substantially to low 
livestock productivity. Also, Morris et al. (1999) reported that maize is mostly grown 
continuously in fields located close to homesteads.  
Demand and consumption of meat and meat products in Ghana has been rising with an 
attendant increase in demand for feed resources (FAO, 2005). The Guinea and Sudan 
Savanna Zone of Ghana, together supply about 75% of the total cattle, 35 % each of 
sheep and goat in Ghana (Oppong-Anane, 2006). However in Ghana, estimates show 
that 1.2 million people of the population were food insecure (WFP, 2009), out of which 
about 34% are from Upper West, 15% are from Upper East and Northern Region with 
10%, amounting to approximately 453,000 people (WFP, 2009).  
The production of livestock and their productivity is however, far below the 
population’s requirement for animal protein and this has led to a surge in the importation 
of meat and meat products to augment the supply of meat (FAO, 2005). Furthermore, 
rising incomes are expected to result in a doubling of consumption of meat across the 
developing world (Naylor et al., 2005), leading to a predicted growth in demand for 
maize as feed of 2.9% per annum.  
Urbanization has resulted in a noticeable shift in the way of life of individuals resulting 
in feeding habits towards milk products, meat and eggs with resultant increment in the 
interest for livestock products. Peri-urban livestock farming is an indicator of the fast 
changing economic scenario in the livestock sector. The nutrition of ruminant livestock 
occupies a very important section of budgetary allocation for every livestock farmer. 
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However, mixed farming supports the largest number of livestock (de Haan et al., 1997) 
and poor livestock keepers (Thornton et al., 2001) in sub-Saharan Africa.  
In Northern Ghana, there appears to be a high incidence of crop-livestock farming 
(Konlan et al., 2016). Mixed crop–livestock systems prevail in the semi-arid, sub-humid 
and cool highland zones, where crops and livestock become increasingly incorporated 
as human population increases and land becomes a more important constraint than 
labour.  
Together with the stimulus of increasing demand for livestock products predicted by 
Delgado et al. (1999), there is a strong impetus for these systems to intensify further 
(Staal et al., 2000). As systems intensify, crop–livestock interactions become more 
intense and forage from food crops can represent a larger component of year-round 
forage supply. This cropping system can be used as a stop-gap measure to reduce the 
constant feed supply challenges that farmers face during the cropping season. Feed 
resources could be harnessed from such a cropping system.  
The cultivation of maize for forage production constitutes a fast way of obtaining high 
dry matter production rates and an ideal quality feed for animals when it is administered 
either as fresh forage or as silage (Boschini and Amador, 2001; Iqbal et al., 2015). 
Subedi (1996) reported that maize can generate feeds through thinning and leaf stripping 
just before the crop is ready for harvesting of ears. However, if leaf defoliation is 
imposed at a strategic time in such a way that the grain component is not significantly 
affected, the harvested leaf stripping can be used as a good source of quality forage in 
intensified maize production systems. 
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Sheep predominantly graze on poor-quality rangelands and crop residues such as rice 
straw, maize stovers and wheat straw with no or little concentrate supplementation 
(Khan and Habib, 2012). These poor-quality forage-based diets hamper sheep 
productivity owing to their low nutritive value, dry matter intake, and digestibility 
(Khan and Habib, 2012). Etela and Dung (2011) showed that Djallonké sheep can be 
fed with 6 different cultivars of groundnut haulm as a sole diet without affecting growth 
performance and nutrient intake of the sheep.  
However, the underutilization of leguminous crop by-products such as groundnut 
(Arachis hypogaea L.) haulms and other crop residues as animal feed are as a result of 
the inadequate knowledge on the conservation and processing of haulms and other crop 
by-products into animal feed. The importance of enhanced nutrition on animal 
productivity and the wider role and contribution of animals are, therefore, the most vital 
factors in sustainable crop–animal systems. This study focuses on the availability of 
feed resources and their use in smallholder crop–animal systems.  
This work was pursued to exploit feed resources from crop-animal production systems 
to fill the knowledge gap on quantitative seasonal feed resource availability in the rainy 
season and the effect of crop residues on growth performance of sheep. This could help 
farmers meet the nutritional requirements of their animals to increase productivity.  
Also, an on-farm investigation on feed supplementation practices with crop residues 
throughout the year in the small ruminant production system in northern Ghana needs 
to be conducted. This has not been done as a single study in northern Ghana but can 
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improve the feeding strategies and harness feed resources from mixed crop–livestock 
systems.  
The overall objective of this study was to optimize feed through leaf stripping from 
maize-based cropping system and to evaluate the fodder yield and growth performance 
of Djallonké sheep fed haulms of groundnut cultivated at different plant spacing. 
The specific objectives of this study were: 
A. To determine the effect of maize leaf-stripping and maturity-type on the 
grain yield of maize. 
B. To evaluate the effect of maize leaf-stripping and maturity-type on fodder 
yield and fodder quality. 
C. To determine effect of groundnut haulm cultivated at different plant 
spacing on fodder yield. 
D. To evaluate the growth performance of sheep fed with groundnut haulm 











2.0 LITERATURE REVIEW 
2.1 Importance of Livestock 
Livestock production contributes approximately 35% of agricultural gross domestic 
product (GDP) and employs about 70% of rural people in most countries in Sub-Saharan 
Africa (SSA) (Winrock International, 1992; FAO, 2012). It is estimated that smallholder 
farmers generate 90% of SSA agricultural products (FAO, 2012).  
In this region, livestock offers up to 18% of the dietary protein requirements of the 
population with high quality animal protein to offset the high carbohydrate diets of the 
people (Karbo and Agyare, 2002). In Ghana, agriculture contributes roughly 20% of the 
GDP with livestock and poultry adding about 6% (MoFA, 2016).  
The development of the agricultural sector over the years contributed a lot to Ghana’s 
economy. However, there has been a decline in recent years from 4.6% to 4.2% in 2014 
and 2015 respectively. Over 100,000 households in Ghana depend on livestock for their 
livelihoods, especially in the northern part of the country (Ghana Statistical Service, 
2008). The major products obtained from the livestock sub-sector are meat, milk and 
eggs. These serve as source of protein. It also supplies skin, bones and horns for other 
uses (Oppong-Anane, 2013). The most important livestock species reared in Ghana 
include cattle, sheep, goats, pigs and poultry. These animals are spread among five agro-
ecological zones in Ghana (MoFA, 2016).  
Livestock production substantially contributes to agriculture intensification and 
sustainability of crop production through residue utilization, provision of traction as 
7 
 
well as soil fertility regeneration (FAO, 2012). Amongst smallholder farmers, livestock 
enhances the stability and resiliency of farm enterprise, serve as a store of value, offers 
ready cash, lowers risk of crop failure and helps farmers to buy inputs (Karbo and 
Agyare, 2002). In the northern Savanna Ecological Zone, livestock production is 
supplementary to crop farming (Oppong-Anane, 2013). Livestock stabilizes the socio-
economic capability of households by providing reliable income in times when prices 
of crops are low due to bumper harvest (Oppong-Anane, 2013). 
2.2 Small Ruminant Production 
Small ruminants (sheep and goats) are important aspects of the subsistence rural 
economy for the most part of West African households, even in areas where cattle are 
not usually kept (Tweneboah, 2000). Goats and sheep play a substantial role in the food 
chain and largely the livelihoods of rural people (Lebbie, 2004). The various reasons for 
keeping sheep and goats are income generation, religious purposes, household 
consumption, hobby and as a security against crop failure (Ozung et al., 2011).  
In Ghana, the population of sheep (3.5 million) and goats (4.3 million) surpass that of 
cattle (1.4 million) (VSD, 2009). A report by Oppong-Anane (2011) estimated small 
ruminant population in Ghana to be 13.3 million. Small ruminant production is hinged 
on a low-input traditional extensive system where animals are supplemented on 
household waste e.g. peels of yam, plantain, cassava and cocoyam which are not always 
available in sufficient quantities causing low levels of productivity (decreased growth 




Smallholder sheep and goat farmers in Ghana face a lot of challenges in generating 
income from their stock. This is attributed to the slow growth rate, fluctuating weight 
gains related to seasonal differences of feed and reproductive inadequacies (Annor et 
al., 2007).  
The problems affecting livestock production as a whole have led to an average 
importation of 70% livestock and/or its products to meet Ghana‘s domestic 
requirements (Okai et al., 2005). Small ruminant production in Africa is not well 
advanced. The fact that holdings are small seems not to give owners the impetus for 
improved husbandry practices. In high rainfall areas, where arable farming is the 
routine, small ruminant stocks are tethered during the cropping season in an effort to 
avert crop destruction (Adu and Ngere, 1979; Okello and Obwolo, 1985).  
Small ruminants production have been  central part of most urban and peri-urban 
households for long periods, and it is implausible that their role, present production 
systems, and the resources required to support them will vary substantially in the 
immediate future (Baah et al.,2012). According to Oppong-Anane (2011), urban and 
peri-urban inhabitants raise approximately 25% of the 13.3 million small ruminants in 
Ghana. 
2.3 Ruminant Nutrition in Northern Ghana 
There are many factors inhibiting livestock productivity in the northern part of Ghana 
among which feed unavailability is paramount. The feed situation is precarious in the 
dry season (Oppong-Anane, 2013).  
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Although there is abundant feed during the wet season, accessibility of the feed is 
limited posing an additional constraint in some Northern Ghana communities, owing to 
the cultivation of staple crops in compound farms (Awuma, 2012).  
The inaccessibility of feed to livestock in certain communities throughout the farming 
season has been reported by these authors (MoFA, 2011; Oppong-Anane, 2013, Ansah 
and Issaka, 2018). There are numerous feed materials in the tropics which can be utilized 
as feed for ruminants. In Northern Ghana, livestock farmers are heavily reliant on 
naturally established fodder in natural pastures and crop by-products as the major feed 
sources which provides about 50% of total dry mater needs of ruminant animals in a 
year across the Regions (Smith, 2002; Oppong-Anane 2013, Awuma 2012; Konlan et 
al., 2016; Amole and Ayantunde, 2016a).  
Teferedegne (2000) reported that in the Sahelian and Sudanian zone of West Africa, 
livestock nutrition are to a large extent centered on the utilization of naturally occurring 
herbaceous and dicotyledonous plants, ligneous species and crop residues. In the 
tropics, small ruminants are wholly dependent on feeding on natural pastures. Natural 
pastures are characterized by its acute seasonal variation in quantity and quality. The 
largest part of farmers carries out supplementary feeding, using crop residues in the dry 
season. In the tropics, animals consume crop residues in the form of maize cobs, 
groundnut tops, cowpea pods, by-products from grain winnowing and peels of plantain 
and cassava (Ansah et al., 2014).  
This feed problem as well as other limiting factors impacts significantly on poor 
livestock productivity. The savanna zone of Northern Ghana is characterized by bush 
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fires and reduction in the nutritive value of green fodder ensuing from senescence. This 
drawback possess a production challenge because livestock animals fails to meet their 
nutritional requirement during the dry season within the prevailing management 
systems carried out by the majority of small holder farmers.  
Actually, most of the animals raised in Northern Ghana are dependent on feed of very 
poor quality throughout the dry season (Karbo and Agyare 2002). Reports suggest that 
this situation consequently result in cyclic body weight gain in the wet season and 
weight loss in the dry season (Annor et al., 2007).  
An earlier study conducted by Ansah and Issaka (2018) specified that grazing of natural 
unimproved pasture is the commonest feeding practice in the Kumbungu District of 
Ghana. In the Upper West Region and Northern Region of Ghana, grazing makes up for 
80 % of the annual diet of ruminants (Konlan et al., 2016).  
According to the farmers, the grazing of natural pasture is faced with the challenge of 
quantity and quality during the year. In the wet season, there are large amounts of fresh 
quality forage on most grazing lands, nevertheless, the exploitation of these lands for 
food crop cultivation results in the clearing of the forages and tethering of animals which 
denies the animals’ maximum access to the quality forage.  
In the dry season, animals have unrestricted access to these grazing lands, but the forage 
present is usually deficient in quality in terms of crude protein, low digestibility and 
high lignin and silica content (Olubajo and Oyenuga, 1970; Alhassan et al., 1999). It 
has been established that the protein content of forages are low with high fibre content 
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and poor digestibility of nutrients particularly in the dry season (Castillo-Caamal et al., 
2003).  
The utilization of crop residues takes place just before the end of the year and in the 
next two months of the succeeding year. During the cropping period, animals are 
confined and fed with harvested green forage or browses (Konlan et al., 2016).  
Annor et al. (2007) affirmed that animals were allowed to graze freely due to easy access 
to available feed after crop harvest. Extensive research has been carried out to find 
technologies which would aid livestock farmers to strategically control the feeding of 
their animals. A feasible approach is the conservation of forage generated during the 
wet season, for feeding to stall-fed or partially-grazed livestock during the dry season. 
Other technologies include enhancing the nutritional value of crop residues through 
physical and chemical treatment, better management of rangelands and the utilization 
of agro-industrial by-products by the peri-urban farmer, all of which contribute to the 
forage stock (Smith, 2001). 
2.4 Feed Resources for Ruminant Production 
2.4.1 Natural Pastures 
Rangelands inhabit approximately 54% of terrestrial ecosystem and supports just about 
30% of the world’s population (Reynolds et al., 2007; Estell et al., 2012). Pasture from 
virgin rangelands serves as a key source of feed for ruminant livestock (Allen-Diaz, 
1996). Pastures vary in their species composition and canopy coverage. The canopy 
coverage hinges on the amount of moisture in the soil and sunlight (Ibrahim, 1998).  
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According to Oppong-Annane (2001) nearly 15% of the total land area of Ghana is 
exploited as natural pasture. The growth architecture of vegetation in these agro-
ecological areas follows the rainfall pattern (Fianu et al., 2001). 
The availability of feed resources every year in natural pastures in Northern Ghana 
relates positively with rainfall pattern. Feed availability improved during the rainy 
season but dropped as the dry season looms. In the rainy season, natural pastures cannot 
be accessed by livestock in most communities in order to limited movement of ruminant 
animals to avert destruction of crops (Konlan et al., 2016).  
Feed resources acquired from natural pastures were about 80% available to ruminants 
at the pinnacle of the wet season and just before crop harvest whereas feed shortages 
were dire in the late dry season mostly from February to April while available feed 
resources in the natural pastures of the Northern Region and Upper West Regions was 
about 20% but about 10% in the Upper East Region (Konlan et al., 2016).  
The grasses growing in the Savanna zone are not similar but differ according to soil type 
and moisture regime. Dominant grass species include Andropogon gayanus, Pennesitum 
sp with Hyparrhenia and Schizachyrium as co-dominants in some spaces. The tree cover 
includes Butyrospermum, Khaya, Ceiba, Pterocarpus erinaceous, Ficus, Parkia, 
Anogeissus, Diospyros and Adansonia and Afzelia sp (Fianu et al., 2001).  
Most of these tree species serve as browse plants for stall feeding of animals especially 
in the dry season (Ansah, 2015). The estimated annual herbage yield in the northern 
Savanna ecological zone is 2.2 tons DM/ha (Oppong-Anane, 2001).  
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The potential carrying capacity of the pasture is determined by the quantity of vegetation 
available. The productivity of sheep and goats on pasture is affected by the quality of 
the vegetation. The quantity and quality of pasture is affected by climate and season, 
burning (accidental fires or burning for pasture management) and the legume content 
(the mixture of legumes and grass has a better quality than grass alone). The nutritive 
quality of natural pasture in the northern Savanna zone however, varies widely in 
different seasons of the year (Karbo and Agyare, 2002). 
In areas where the supply of herbage is adequate during the dry season due to good 
vegetative growth during the wet season in the interior Savanna zone, it is often deficient 
in protein, vitamins and minerals due to the long period (7 months) of the dry season 
(Smith, 2002).  
It has been reported that protein content of natural pasture is often high (8- 12% DM) at 
the beginning of the rainy season but low (2 to 4% DM) in the dry season (Oppong-
Anane, 2010). Phosphorus (P) level also varies and ranges from 0.16 to 0.06% DM 
(Fleischer et al., 1996).  
Natural pasture with 30–40% cellulose content is adequate for the maintenance 
requirements of sheep. Higher cellulose content becomes detrimental because rumen 
micro-organisms are unable to cope with its degradation. This makes pastures with high 
cellulose content low in nutritive value and hence unable to support the nutrient 
requirements of small ruminants.  
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The highest quality of grasses is attained during stem elongation and the quality 
decreases after heading. The yield and quality of natural pastures can be improved by; 
altering the species composition, e.g. introducing a legume such as Stylosanthes 
guianensis in a natural pasture to increase the protein yield per hectare and improving 
management, thus grazing control or applying fertilisers (Ibrahim, 1998). The 
successful exploitation of improved pastures depends on grazing management.  
However, the use of barbed wire or electric fences is beyond the capability of resource-
poor farmers. Recently, the use of fodder trees or non-palatable shrubs as fences was 
established as a plausible means of controlling grazing (Charray et al., 1992). However, 
the use of this technology is constrained by labour and insufficient knowledge of the 
management of trees/shrubs (Ibrahim, 1998). 
2.4.2 Improved and Cultivated Pastures 
Even though natural pastures are exploited extensively in sub-Saharan Africa, they can 
only sustain the desired productivity of sheep and goats to a certain level and for a short 
period. Cultivated pastures or fodder crops are grown with the aim of increasing forage 
production per unit area and increasing the feed value of the grasses (Ibrahim, 1998).  
Improved or cultivated forages offer superior productivity than the naturally occurring 
grasses and have better nutritional quality. Numerous fodder plants have been evaluated 
within various ecological zones for their adaptability and some useful plants have been 
selected for different zones. Improved pasture and forages hence, have been cultivated 
and utilized in government ranches, state farms, farmers' demonstration plots, research 
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institutions and dairy and fattening areas in some African countries (Dzimale, 2000; 
Alemayehu, 2002; Ansah, et al., 2010).  
With increase population growth, land unavailability and crop dominated farming has 
been limiting the introduction of improved pasture and forages to smallholder farming 
communities and the adoption of this technology by smallholder mixed farmers has been 
generally slow (Mekoya et al., 2008).  
Yield of improved pasture and forage ranges from 6-8 tons and 3-5 tons DM/ha 
respectively whiles that of tree legumes ranges from 10-12 tons DM/ha (Alemayehu, 
2003). Even with the importance of improved pasture and forage plant, because of 
unavailable land and crop-dominated farming, there has been limited introduction of 
improved pasture and forages plant (Alemayehu, 2002). Pasture development is 
relatively difficult in the highland areas compared to the humid zone, warmer and lower 
areas because of the kind of soil and climate. Stylosanthes hamata Cv.Verano has been 
identified as one of the most appropriate legumes for enhancing natural pasture in Ghana 
(Oppong-Anane, 2001).  
However, Estimates indicate 5,000 ha of natural pastures have been over sown including 
leguminous plants in about 300 communities in the Savannah zones since 1994. 
Leguminous plants have however occupied a larger area as a result of dispersal of the 
seed by wind, rain and through droppings of grazing ruminants. Studies have reported 
that there is partial production of pigeon pea (Cajanus cajan) and Leucaena (leucaena 
leucocephala) as fodder crops (Karbo and Agyare, 2002; Konlan et al., 2016).  
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This requires more studies to embolden livestock farmers to cultivate more fodder 
plants. Predominantly, Pigeon pea (Cajanus cajan) and Leucaena leuccocephala are the 
fodder plants established in few farmers’ farms in Northern Ghana. Also Gliricidia 
sepium and Ficus gnaphalocarpa are available. Estimates indicate that the mean area 
for the cultivation of leucaena is relatively higher in Upper East Region of Ghana 
(Konlan et al., 2016). Andropogon gayanus has also been used to improve natural 
pastures in the Sudan Savannah zone (Oppong-Anane, 2001). Konlan et al. (2016) 
reported that the mean area of pigeon pea cultivated was similar across the regions in 
Northern Ghana and mostly serve as border between two farmers’ fields or between two 
different crops. 
2.4.3 Conserved Forage 
The cultivation of forage and fodder is often a marginal activity that is combined with 
other areas of agricultural production (Nitis, 1999). Technologies directed at increasing 
feed supply ought to be looked at. One such technology is the conservation of fodder 
produced in the wet season, which can be fed to animals kept in at least partly zero-
grazed systems throughout the dry season. This may, actually, be the single technology 
that would guarantee satisfaction of the extreme requirement for nutrients for livestock 
production systems such as small-scale dairy farms in the semi-arid regions of the 
tropics (Dube, 1995).  
Forages can be conserved to feed livestock through periods of scarcity instigated by 
limited pasture growth or poor pasture conditions, or fed as a supplement. Conserved 
fodder can take the form of hay, and silage. Even though numerous methods have been 
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recognized as effective ways to store and preserve forages, it is crucial, to have this fact 
in mind: at best, conserved forages can rarely match the nutritive value of fresh forage 
since some losses of highly digestible nutrients (protein, sugar and fat) are inevitable 
during conservation and storage (Romero et al., 2015).  
Hay making in Southern Africa is difficult because conserved forage at its optimum 
yield, protein levels and digestibility. However, cutting usually coincides with the 
wettest part of the rainy season (Topps and Oliver, 1993). It requires the use of mower-
conditioners for rapid drying, hay balers and large sheds for protection from rain, all 
suited to the commercial type of farming operation and not to the smallholder. For the 
smallholder farmer, rain damage results in a loss of dry matter and quality due to 
leaching of nutrients by rotting. Thin-stemmed forages such as legumes can dry within 
two or three days (Cameron, 1988) but bulky forages such as napier, hybrid pennisetums 
and forage sorghum take too long to dry when left out on racks (Mhere, 1997).  
If cutting is delayed to later in the season, there is a severe reduction in quality and 
excessive leaf shattering and loss, especially in legume forages (Maclaurin and Wood, 
1987).    
2.4.3.1 Hay 
Hay is described as forage conserved under aerobic dry or limited moisture conditions. 
Fresh forage typically has between about 75% and 85% moisture concentration (Collins 
and Coblentz 2013).  
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Consequently, the goal in hay production is to remove moisture as quickly as possible 
to achieve a target moisture concentration equal to or less than 20% (or a target dry 
matter concentration greater than 80%).  
The process of reducing moisture is called curing and is normally accomplished with 
energy provided by the sun (field curing) or by artificial barn drying using forced heated 
or unheated air. Moisture concentration less than 20% (preferably less than or equal to 
15%) prevents plant respiration and allows for an almost complete conservation of plant 
nutrients for extended periods (month).  
Factors that influence the process of moisture loss for hay production can be classified 
into three types: (1) forage-related, (2) weather-related, and (3) management-related 
(Rotz 1995; Collins and Owens 2003). 
2.4.3.2 Silage                                                                                                                              
There is limited use of silage in most tropical countries. However, there is adequate 
evidence that silage of satisfactory quality can be made from grasses such as elephant 
grass (Pennisetum purpureum) (Pond et al., 2004).  
Wilkinson (1983) pointed out that tropical grasses generally contain lower levels of 
water-soluble carbohydrates than do temperate species. However, tropical grasses 
containing at least 3% (fresh weight) of soluble carbohydrates should be present to 
ensure adequate production of lactic acid and to avoid the undesirable secondary 
fermentations resulting in high butyric acid production (Wilkinson, 1983).  
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Silage is produced from forages with high moisture, stored in anaerobic environment 
and preserved by acids released during fermentation. During the ensiling process, 
anaerobic bacteria ferment sugars in the forage to organic acids that reduces the pH of 
the silage to concentrations that prevent the proliferation of unfavourable 
microorganisms. The silage stays preserved on the condition that air is kept out since 
spoilage-causing yeasts in silages remain dormant in the lack of oxygen. Admission of 
oxygen into the silo stimulates the yeasts and might initiate spoilage (Adesogan and 
Newman, 2014).  
An ideal crop to be ensiled should have a sufficient amount of sugars (measured as 
water-soluble carbohydrates) to be fermented, minimal buffering potential (that is, the 
resistance to variation in pH), and a stand with a dry matter concentration more than 
20% (McDonald et al., 1991). Silage can be a useful and cost-effective feed for cattle 
enterprises (Adesogan and Newman, 2014).  
Grasses and legumes of tropical origin are not ideal ensilage material, mainly because 
at cutting they have minimal concentration of water-soluble carbohydrates (WSC) that 
are critical to effective silage production. As a result they have elevated buffering 
capacity, and this leaves their proteins predisposed to proteolysis (Woolford, 1984). 
Crops such as corn and sorghum are not ideal for hay production for the reason that they 
contain substantial moisture at the peak harvest time, and their thick stalks impede 
drying. Warm-season grasses such as Bermuda grass and Bahia grass can be harvested 
as hay, but, in Florida, recurrent rains often obstruct harvesting and curing and can bring 
about extensive losses of dry matter (DM) from the hay. The harvesting of such grasses 
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as silage may possibly cut harvesting losses and allow a more timely harvest, thereby 
enhancing forage quality (Adesogan and Newman, 2014). 
In Southern Africa, maize is the crop of choice for silage, because of its high yield, 
fermentation quality and energy content (Maasdorp and Titterton, 1997). However, its 
key shortcoming is its minimal crude protein content, which is commonly of the order 
of 70 to 80 g/kg DM (Topps and Oliver, 1993). In the semi-arid regions of the tropics, 
maize is very predisposed to moisture stress; hence it is questionable as the crop of 
choice for silage. Generally, yields are poor and energy values far lesser than those 
obtained in the higher rainfall areas.  
Other crops, such as grain sorghum, forage sorghum and forage pennisetums, which are 
drought resistant yet high yielding, have been explored as silage crops and found to be 
suitable (Havilah and Kaiser, 1992; Mhere et al., 1999), although it has been resolved 
after an assessment of grain and forage sorghums in Australia that sweet forage 
sorghums offered better potential than grain sorghums under dry land conditions 
(Cole et al., 1996). Sweet forage sorghum yields have been higher under dry land 
conditions (Mhere et al., 1999) than in the high rainfall area of Zimbabwe. Again, 
however, the limitation in terms of nutrient quality is the low protein content, which 
was approximately 70 g/kg DM and 95 g/kg DM in forage sorghum and pennisetums, 
respectively (Mhere et al., 1999). One method of increasing the protein content of the 
silage is to add a protein rich crop to the cereal crop. This can be done either by 
intercropping the cereal crop with a legume or cultivating them as sole crops and mixing 
them when ensiling. The possibility, therefore, of ensiling these crops with legumes has 
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been examined (Titterton and Bareeba, 1999). An average loss of 8% was observed in 
dry matter of maize silage (Kohler et al., 2013). Wilting, fermentation, respiration and 
reheating were considered to be the major sources of dry matter losses in silage 
(Spiekers et al., 2009). 
2.4.4 Multi-purpose trees  
Multi-purpose savanna tree species offer numerous ecosystem benefits to the 
communities in which they are located. The services include provision of shade, carbon 
sequestration and removal of air pollutants (Nowak et al., 2008). The utilization of pods, 
fruits and leaves of some indigenous savanna Multi-purpose trees as feed supplement 
for livestock is increasingly popular among small holder farmers in the savannah zone 
of Ghana particularly in the dry season (Ansah and Nagbila, 2011).  
The integration of sheep and goats with tree crops is common practice in many places 
in sub-Saharan Africa. Sheep and goats are allowed to graze under trees, e.g. goats and 
sheep feed on the leaves and pods of Faidherbia albida in the parklands of West Africa. 
The animals are fed the branches of trees and subsequently manure is deposited under 
the trees. Farmers in the Kenya highlands feed leaves of Leucaena to small ruminants 
and cattle. The dry-matter yield of Leucaena is between 2 to 20 tons per hectare per 
year. The tree leaves contain mimosine which is toxic to sheep. Many other tree species 
are used for fodder, e.g. Sesbania sesban, Calliandra spp and Gliricidia sepium. Fodder 
from trees is especially useful during the dry season when it is used to supplement 
roughage or hay.  
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Research conducted at the International Livestock Research Institute (ILRI) concluded 
that Erythrina abyssinica has high forage potential and can effectively serve as a cheap 
source of protein supplement for low quality diets during the dry season for resource-
poor farmers with stall-fed sheep and goats (Larbi et al., 1993). Supplementation of 
pasture in Zimbabwe with 110 g Acacia angustissima per goat per day was found to 
result in an increase of 12 g per goat per day. Leaves of Multi-purpose trees have been 
reported to retain a high quantity of crude protein and low fibre even in the dry season 
(Sarkwa et al., 2011; Le Houérou, 1980; Pellew 1980).  
They also possess varying amounts of plant secondary metabolites such as condensed 
tannins (CT) that possibly will deter their levels of inclusion in ruminant diet. This is 
due to the propensity of CT to decrease rumen protein degradation which alters the 
supply of sufficient ammonia nitrogen to fibre degrading microbes (Makkar and Becker 
1998; Shayo and Uden 1999; Aganga and Tshwenyane 2003). Inadequate supply of 
rumen ammonia nitrogen has been found to affect the growth of rumen micro-organisms 
which could affect dry matter digestibility (Leng, 1991). Despite the role of CT in 
reducing dietary protein degradation in the rumen, it may increase the supply of by-pass 
protein for digestion and absorption in the small intestine (McNabb et al., 1996). 
Ansah and Issaka (2018) indicated that most ruminant livestock farmers relied on 
browse plants as important sources of feed supplement throughout the year. These are 
harvested and hanged on locally made hangers for the animals to feed. Browse plants 
maintain appreciable levels of crude protein and less fibre concentration throughout the 
year. The use of these browse plants as feed is usually limited by accessibility since 
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most of these plants are in the wild with very little effort put into their cultivation (Ansah 
and Nagbila, 2011). In recent times, extracts from some browse plants have been found 
to have beneficial effects on protein digestion in the rumen, enteric methane mitigation 
and meat quality (Alexander et al., 2008; Jakhmola, 2011).  
The presence of browse species such as Leucaena leucocephala, ficus gnaphalocarpa, 
Gliricidia sepium and Ptericarpus erinaceous among the feed resources have been 
stated to contain about 250–350 g of crude protein/kg DM (Jayasuriya, 2002). This is 
crucial in complementing the high fibre-low protein feedstuffs (Konlan et al., 2016), 
but are available to few farmers due to scarcity in the range (Ansah et al., 2012). 
2.4.5 Crop Residues 
There are many crop residues which can be used for feeding sheep and goats. Sheep and 
goats make better use of these agricultural by-products in crop–livestock systems. The 
declining availability of natural pasture especially in urban areas due to expansion of 
infrastructure has put more pressure on the urban farmer to explore other sources of feed 
for their animals and contributed to high demand for crop residue. Similar trend has 
been reported in Ethiopian highlands in which about 70% of crop residues are being 
used as animal feed (Zinash and Seyoum, 1991).  
In Ghana, it has been estimated that 8 million tons DM of cereal stalks and 3.5 million 
tons DM of residues from legume, root and tuber crops are generated and potentially 
available as animal feed per annum (Oppong-Anane, 2010). In northern Ghana, over 5 
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million tons DM of crop residue is estimated to be generated annually (MoFA, 2011; 
Karbo and Agyare, 2002).  
However, the proportion of these crop residues that are being consumed by animals is 
very small due to problems of collection and alternative uses such as domestic fuel (e.g. 
sorghum and millet stalks) and thatch roofing (MoFA, 1998). The use of crop residues 
and agro by-products in various conserved forms has been identified to play an 
important role in the nutrition of ruminant livestock and ensure year-round availability 
of feed. It is also the cheapest way of reducing the rising cost of feeding ruminants in 
the tropics (Attoh-Kotoku, 2003). Tolera et al., (2012) reported that crop residues supply 
about 50% of the total feed supply in Ethiopia.  
In the Yendi District of Ghana, it has been reported that 91% of the livestock farmers 
use legume crop residues to meet the nutritional needs of ruminants in the dry season 
(Ansah et al., 2006). The conversation of crop residues have been given some 
consideration by few farmers but a more concerted effort is required in order for farmers 
to adopt this technology to address the feed problem in the dry season (Konlan et al., 
2016).  
There are many crop residues which can be used for feeding sheep and goats. Sheep and 
goats make better use of these agricultural by-products in crop–livestock systems. 
Farmers with no animals may use crop residues to improve fertility of the soil or sell 
the residues. In Northern Ghana, feeding of crop residues predominantly occurs towards 
the end of the year and in the first two months of the year (Konlan et al, 2016). The 
harvesting of leguminous crop residues for supplementary feeding in the dry season are 
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appropriate practices that emphasizes crop-livestock incorporation (Jayasuriya 2002; 
Smith, 2002).  
A study conducted by Ansah and Issaka (2018) in the Kumbungu District of Ghana 
discovered that the commonest food crop cultivated was maize from which crop residue 
and crop by-products were generated. The non-legume based crop residues produced 
were mostly left on the field as mulch and also for animals to graze. The practice could 
lead to a high feed wastage as the residue could easily be contaminated with urine and 
faecal matter but also enrich the soil with organic carbon, phosphorus and nitrogen. An 
earlier study has suggested that between 25-50 % of the crop residue generated in the 
humid forest and savanna zones of West Africa could be used as feed for livestock 
without seriously affecting crop yields (Larbi et al., 2002).  
The common crop residues included legume residues such as groundnut haulm, cowpea 
haulm and soybean residue. These serve as supplementary feed. Majority of the cereal 
stovers are not harvested but fed in situ. Straw is mostly a by-product of cereal crops 
that is used as roughage for ruminants. Straw of the following crops is used in sub-
Saharan Africa: maize, millet, sorghum, wheat, barley, rice and teff. Residues from 
other crops are also used on small scale: sugar-cane, cocoa, banana, cotton, cassava and 
legume crops. Straw has low nutritive value. The energy content of straw ranges from 
5.5 to 9.6 MJ ME/kg DM. Energy values vary with the cereal variety and the 
management of the residue after grain harvest. Straw is high in lignin, which lowers its 
digestibility. Straws of most crops are low in crude protein and minerals (especially 
phosphorus). The nutritive value of straw and its coarse physical form limit the activity 
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of micro-organisms in the rumen and contribute to the low rate of passage through the 
digestive system. All these factors result in low voluntary intake (Ibrahim, 1998).  
A study by Konlan et al. (2016) revealed that a higher proportion of cereal crop residues 
remains on farmers’ field. This proportion of feed resources could have been harnessed 
for livestock production. The crop leftovers are considered to have low metabolizable 
energy (<7.5 MJ/kg DM), low levels of crude protein (20–60 g of crude protein/kg DM), 
high fibre content (>700 g of cell wall material/kg DM), and low to moderate 
digestibility (<30–45% organic matter digestibility). These feeds restrict small ruminant 
daily intake to less than 20 g dry matter/kg live weight (Owen and Jayasuriya, 1989) 
and significantly reduces the ability of animals to meet their nutritional needs 
consequently weight loss in animal (Smith, 2002). Majority of the residues lack some 
fermentable carbohydrates and manifested by the relatively low organic matter 
digestibility (Jayasuriya, 2002). The protein content of forage has been found to be low 
with high fibre content and low digestibility of nutrients especially in the dry season 
(Castillo-Caamal et al., 2003). 
Additionally, crop residues characterized by less fibre and high protein such as tops and 
haulms from cowpea, groundnut and soyabeans are of limited storage by some farmers. 
The legume crop residues were readily available to 20% of the farmers since most 
farmers do not conserve the residues after harvest of the main crop (Awuma 2012). 
Processing methods such as chemical treatment has the potential of increasing the 
feeding value of the crop residues (Annor et al., 2007). The benefits of alkali treatment 
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with urea of crop residues high in fibre have well been studied and the advantages well 
established (Owen and Jayasuriya 1989).  
However, in Northern Ghana, the rate of adoption of this technology is low hence 
farmers cannot exploit the full potential of these crop residues (Konlan et al., 2016). 
Adams and Ohene-Yankyera (2014) recommended that increased extension education 
on the utilization of crop residues is required.  Furthermore, few farmers in Northern 
Ghana have considered the conservation of crop residues to reduce the perennial feed 
scarcity situation in the dry season (Konlan et al., 2016). 
2.4.6 Agro-Industrial By-Products 
Other feed resources available are agro-industrial by-products (AIBPs) from households 
and agro-processing industries. Over 80% of smallholder farmers in Ghana have 
knowledge on the use of these AIBPs in feeding ruminants (Teye et al., 2011). However, 
much research attention has not been given to these AIBPs even though there is high 
potential for their use in improving livestock productivity especially in fattening of 
small ruminants for sale.  
Common AIBPs that are used for feeding livestock by smallholder farmers in northern 
Ghana include: bran of maize, sorghum and millet, cotton seed, soybean cake and 
brewers’ spent grain (Ansah et al., 2012; Oppong-Anane, 2013). Others are rice bran 
and corn milling waste (Teye et al., 2011; FAO, 2014). In addition, agro-industrial by-
products such as corn milling waste, pito mash (brewer’s spent grain) rice and maize 
bran, are mostly less fibrous (< 700 g but above 400 g of cell wall material/kg DM) and 
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have comparatively high amount of crude protein (> 60 g/kg DM) (Jayasuriya, 2002). 
This group of agro-industrial by-products is not accessible to most smallholder farmers 
throughout the critical feed shortage period (Konlan et al., 2016).  
The major issue with the utilization of cereal bran is the relatively low crude protein 
content (Marichatou, 2011) and risk of mycotoxin contamination occurring at storage 
that negatively affects productivity of animals (FAO, 2014). Feeding aflatoxin 
contaminated feed exerts carcinogenic and hepatotoxic effects and subdues the immune 
system of animals (Aydin et al., 2008; Sultana and Hanif, 2009). For example, nearly 
493 cattle were reported dead and 1200 fell sick after consumption of high concentration 
of aflatoxin contaminated feed in India (Ilyas, 2007). Over 100 species of fungi can 
infect plants and produce mycotoxins (Akande et al., 2006). 
However, cottonseed cake, when available, is an excellent feed for sheep and goats. It 
has a high content of protein (25–40%), fat (10–23%) and cellulose (25–30%). Once the 
animal gets used to cottonseed cake, intake is increased. The best results are obtained 
by mixing the cake with salt and molasses. This was tried with West African Dwarf 
ewes and a mixture of 50:50 molasses and cottonseed cake gave good results (Charray 
et al., 1992). The high protein content allows the amount of cottonseed cake to be 
reduced without detrimental effects.  
Unfortunately, whole cotton seed and other cotton by-products, contain gossypol in the 
kernel and seed coat (FAO, 2014). This free gossypol in the seed (0.03-0.3%) is harmful 
to most animal species and particularly monogastrics and pre-ruminants (Aydin et al., 
2008). When the content of gossypol in cotton seed exceeds 50 and 100 ppm it becomes 
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harmful to poultry and pigs respectively. Church (1991) however, stated that there is no 
ill-effect in adult sheep, goats and cattle when fed raw cotton seed due to gossypol 
detoxification by rumen microbes.  
Most oilseed cakes (oil meals) are by-products of processing a variety of oil crops: 
groundnut, sunflower and soybean. These cakes are like cottonseed cakes: rich in 
protein and fatty acids. They can be used alone or mixed with molasses for effective 
results. A study conducted by Osuji et al. (1993) at the International Livestock Research 
Institute showed that sunflower cake was utilized effectively by Menz sheep in the 
Ethiopian highlands in terms of rumen microbial nitrogen synthesis, nitrogen retention 
and growth. The addition of small amounts of energy such as crushed maize grain 
increased microbial nitrogen synthesis, nitrogen retention and live weight gain. The cost 
and availability of the cakes will determine the likelihood of their adoption by farmers. 
When beer is made, the residues are the spent grains and yeast. Sheep and goats readily 
accept these as feed. Sources for these by-products are beer factories, which are 
increasing in sub-Saharan Africa, (including home-made installations). The by-products 
from households are richer in energy and protein than the residues from the factories. 
The by-products from sugar-cane factories are dried sludge, molasses and bagasse. 
Sheep can be fed all three by-products. Farmers mostly use molasses, a thick dark brown 
liquid which contains 50–65% sugar with little protein or water. It is thus a high energy 
feed. When added to cottonseed cakes, it increases the intake of coarse and less readily 
accepted cakes. It can be added to the herbage during silage production. Molasses 
therefore is an excellent feed provided it is supplemented with protein and minerals. 
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Research and extension education are needed to augment the knowledge of farmers on 
the appropriate use of these feedstuffs to increase ruminant productivity especially in 
small ruminant fattening enterprises to increase profitability. 
Also, supplementation with cottonseed cake and maize bran improved body condition 
scores and carcass weight compared with the other diets. Tolera and Sundstøl (2000) 
also observed increases in DMI (43.2, 53.8, 63.1 and 66.1g/kg W0.75/day) and Crude 
protein intakes (12.1, 29.8, 47.2 and 62.4 g/head/day) as well as body weight gains (-
32, 9, 34 and 44g/day) of sheep fed a basal diet of maize stover supplemented with 
graded levels (0, 150, 300, 450 g/head/day) of Desmodium intortum hay. Adequate 
supplementation is therefore required for efficient utilization of crop residues by 
animals. 
Table 1: Nutritional composition of commonly fed crop residues in smallholder 
farming systems 
Type of Feed DM% OM% Ash% CP% NDF% ME (MJ/Kg) 
Cowpea haulm 94.03 80.05 20.05 181 45.65 7.75 
Groundnut haulm 94.62 94.02 0.62 18.21 42.22 102 
Sorghum stover 93.19 98.975 0.135 4.44 73.65 6.95 
Maize stover 90.46 84.36 7.17 5.34 71.96 8.88 
Millet stover - 79.310 20.710 3.610 59.710 6.0710 
Rice stover - 80.210 19.810 4.810 48.910 6.210 
DM: Dry matter, OM: Organic matter, CP: Crude Protein, NDF: Neutral detergent fibre, ME: Metabolisable energy 
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1Onwuka et al., (1997), 2Romney et al., (1993), 3Karbo et al., (1997), 4Mosimanyana 
and Kiflewahid (2006), 5Tunde and Ayantunde, (2016), 6Faftine and Zanetti (2010), 
7Laureano-Pérez et al., (2005), 8Tesfaye and Musimba (2006), 9Savadogo et al., (2000), 
10Amole and Ayantunde (2016). 
Table 2: Nutritional composition of commonly fed Agro-industrial by-products in 
smallholder farming systems 
Type of Feed DM% OM% Ash% CP% NDF% ME (MJ/Kg) 
Rice bran 91.83 74.93 16.93 6.73 - 11.33 
Wheat bran 92.73 87.53 5.23 15.53 36.74 16.53 
Pito mash 92.93 88.53 4.43 28.83 - 17.83 
Pigeon pea waste 90.02 - - 7.52 - - 
Rice straw 93.72 90.61 10.41 3.42 19.84 7.31 
Yam peels 95.35 90.25 9.85 4.95 - 10.25 
Cassava peels 86.32 - 5.76 4.62 19.66 17.76 
Maize bran 90.57 95.77 4.37 11.67 31.98 10.57 
Cotton seed cake 917 94.47 5.67 41.17 - 7.87 
Soyabean meal 907 95.97 4.17 51.17 - 9.97 
DM: Dry matter, OM: Organic matter, CP: Crude Protein, NDF: Neutral detergent fibre, ME: Metabolisable energy 
1Onwuka et al., (1997), 2Karbo et al., (1997), 3Abarike et al., (2012), 4Tunde and 
Ayantunde, (2016), 5Omole et al., (2013), 6Oppong-Anane (2013), 7Donkoh and Attoh-
Kotoku (2009), 8Mlay et al (2005),  
2.5 Supplementation in Ruminant Nutrition 
Feed supplements represent feedstuffs that are sourced to enhance the value of basal 
diets. They are feeds which are fed to ruminants only in lesser amounts and which 
provide vital nutrients. Supplements are needed to rectify nutrient deficiencies in feeds, 
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thus boost basal feed intake and hence animal production. The most common types of 
supplements are: energy concentrates (for example, cereal and rice bran), protein 
concentrates (for example, decorticated groundnut cake), molasses, non-protein 
nitrogen (for example, urea), and minerals (Gatenby, 2002). Supplements, especially 
concentrates, are costly and their price must be more than paid by the increase in 
production efficiency. They can be fed to animals separately, combined into a complete 
diet or as feedblocks. Supplements to roughage are beneficial to small ruminants 
because: 1) they provide essential nutrients to the rumen micro-organisms, 2) the 
enhanced activity of micro-organisms in the rumen results in better digestibility, 3) they 
provide nutrients for the sheep (Ibrahim, 1998). 
Ruminants because of their rumen physiological adaptation can utilize cheap forage to 
satisfy their nutritional requirements for maintenance, growth and reproduction. The 
microbial population in the ruminant fore-stomach (rumen) takes charge of the digestion 
of both the fibrous and soluble fraction of plant material eaten. Even though most of 
these forages are low in nitrogen, and high in fibre, supplementation with high nitrogen 
feeds will help improve the rumen’s ecosystem thereby increasing the animal’s ability 
to digest fibrous portions of these forages (Preston and Leng, 1987).  
However, according to Ibrahim et al. (1994), the supplementation of limiting nutrients 
to the rumen micro-organisms enhances their growth and increased utilization of fibrous 
feeds which has received loads of attention in current times as a way of amending 
tropical feed systems. 
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2.6 Nutrient Intake and Digestion in Ruminants 
In ruminants, concentrate supplementation enhances the efficiency of rumen microbial 
N synthesis and improves DM digestibility by approximately 15% (Wanapat and 
Khampa, 2007). According to Fernandez-Rivera et al. (1995), the DM digestibility of 
cattle, sheep and goats were 58, 55 and 58% respectively, when fed different forage 
species and crop residues under confinement. 
In vivo digestibility studies that comprises total collection of faeces of small ruminants 
grazing from natural pasture is quite demanding attributable to the accuracy of faecal 
collection but when carried out with care, errors are reduced (Cottle, 2013). However, 
faecal collection can be done easily with animals fed ad libitum under confinement for 
forage utilization and nutritive quality evaluation (Coleman, 2005). Ketelaars (1985) 
stated that under unrestricted access to feed, ruminants excrete unvarying quantity of 
faeces per unit live weight or metabolic weight (W0.75). 
Conrad et al. (1964) observed dairy cattle faecal excretion of 10.7 g DM /kg live weight 
and implied that this output was constant over a wide range of digestibility. The average 
daily faecal output of ruminants has been estimated to  be 2385, 345 and 197 g DM/d 
for cattle, sheep and goats respectively, under intensive management system fed 
assorted forage species ad libitum (Fernandez-Rivera et al., 1995).  
A study by the International Trypanotolerance Centre (ITC, 2014) estimated daily faecal 
output of Djallonkè and Djallonkè × Sahelian crossbred sheep under semi-intensive 
management system to range from 358 to 616 g DM/d and 219 to 475 g DM/d, 
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respectively. ITC (2014) reported that sheep faeces contain 2.0 ± 0.4% N and 0.9 ± 0.2% 
phosphorus.  
Ayantunde et al. (2008) reported an increase of 170% in N intake, 24% in faecal N and 
260% urinary N output in sheep fed bush hay basal diet and supplemented with 
groundnut haulms and millet bran under an intensive feeding system. Nitrogen intake 
therefore increases with legume crop residues and cereal bran supplementation. Also, 
faecal N content of sheep has been reported to increase when fed browses than crop 
residues (Somda et al., 1993). Lignin, tannins and related phenolic compounds content 
in feedstuff affect N absorption and shifts urinary N excretion to faecal N associated 
with undigested feed compounds in faeces (Reed et al., 1990).  
Faecal N content of ruminants is higher in the wet season than the dry season and yearly 
differences do occur due to differences in annual rainfall pattern (Somda et al., 1993; 
Schlecht et al., 1995). Somda et al. (1993) suggested that the shift of urinary N to faecal 
N and from faecal soluble to insoluble N makes the N more available for recycling in 
crop-livestock systems when the faecal matter is used to replenish soil fertility.  
Mariana (2008) stated that African dairy cattle retain minimal dietary N and reported 
faecal N content of the dairy cow to be about 83%. Reynolds and De Leeuw (1995) also 
concluded that livestock in tropical smallholder systems retain less than 20% of ingested 
N for productive purposes. This suggests that tropical animals have limited ability to 
utilize dietary N or it is in a form that is not digestible. Nitrogen content of fresh and 
dried faecal samples has been reported to be similar (Schlecht et al.,1995) as N losses 
due to drying is about 1.9 g N/kg DM of faeces and statistically insignificant. Nitrogen 
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content of dried faeces therefore does not need correction for losses associated with 
samples drying (Schlecht et al., 1995). 
Animals excrete 80-95% of the nitrogen and phosphorous they consume. The majority 
of P is excreted in the faeces (Ternouth, 1989). Both urine and faeces contain nitrogen 
(Powell et al., 1998). Up to two-thirds of the nitrogen in urine is in the form of urea, 
which is quickly lost if not treated properly (Bristow et al, 1992). Feed with higher 
digestibility and crude protein content (exceeding 11-12%) leads to higher N contents 
in faeces and urine with higher risks for N losses (Snijders and Wouters, 2003). 
2.7 Management and Productivity of Small Ruminant in Smallholder Farms 
In Northern Ghana, the mean flock size of small ruminants kept by smallholder farmers 
is 10 ± 6 animals (Karbo and Agyare, 2002; Oppong-Anane, 2010; Baah et al., 2012). 
Amankwah et al. (2012) observed high flock size of 21 ± 13 per household in Upper 
West Region of Ghana. These animals were reared mostly for sale in critical times to 
offset household food and financial needs. The animals are mostly reared under semi-
intensive systems where feed supplementation is minimal throughout the year (Oppong-
Anane, 2010). They are usually not housed in the dry season (Duku et al., 2010). 
Awuma (2012) reported that tethering sheep and goats during cropping season is 
common in many communities to prevent crop destruction. This limits accessibility of 
green forage to animals. The practice partly accounts for abortions, weight loss, and 
susceptibility to diseases, pests and sometimes death during rainy season (Otchere et 
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al., 1986). In the dry season animals graze freely around but feed quality is often poor 
and scarce leading to low growth performance (Oppong-Anane, 2013).  
During the dry season, the growth of animals under the open grazing management 
system fluctuates widely with some animals losing weight (MoFA, 2010; Baah et al., 
2012). For instance the weight gain of small ruminants in the dry season ranges from -
0.5 to 51.5 g/d in Djallonkè sheep, -2.7 to 82 g/d in Djallonkè × Sahelian crossbred 
sheep and 10.2 to 57.4 g/d in West African Dwarf goats (ITC, 2014). This wide growth 
variation that included weight losses is influenced by differences in farmer management 
practices and feed availability variations in the pasture (Annor et al., 2007; Karbo and 
Agyare, 2002; MoFA, 2010). 
2.8 Maize as Animal Fodder 
The diversified use of maize crop is gaining demand as grain, animal feed and fodder 
and other industrial uses. This crop plays a very important role in human and animal 
nutrition. It is cultivated in about 160 countries having wider diversity of soil, climate, 
biodiversity and management practices and contributes around 36% to global grain 
production. The global maize (corn) production during 2013-2014 was 967 million tons 
(mt) from an area of about 177 million hectares (mha). USA, China, Brazil, Mexico, 
Argentina, Indonesia, India, France, South Africa and Ukraine are the top ten maize 
producing countries in the world (FAOSTAT, 2012).  
Maize (Zea mays L.) is considered to have consistent nutritional qualities and a high 
energy value while being relatively easy to grow and conserve (Carpentier and Cabon 
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2011). Food-feed crops are very important feed sources for ruminants (Thomas, 2002).  
The idea of a crop from which farmers can harvest one product for human consumption 
and then use residues to feed their livestock is highly appealing (Thornton et al., 2003). 
There are indications that maize crop will become increasingly important as a source of 
fodder (Staal et al., 1998).  
Maize (Zea mays) is one of the most important crops having wider adaptability to varied 
agro-climatic conditions. It is an excellent crop in terms of biomass production. Since 
the production as well as productivity of maize is increasing, the availability of biomass 
from maize is also increasing by the same magnitude. Maize straw has been used as 
animal fodder since long. The fodder quality of green maize is considered best among 
non-legume forage crops. Maize is considered ideal forage because it grows quickly, 
produces high yields, is palatable, is rich in nutrients, and helps to increase body weight 
and milk quality in cattle (Sattar et al., 1994).  
Prasanna (2012) reported that maize serve as a basic source of feed for animals. As 
fodder for livestock, maize is excellent, highly nutritive and sustainable (Hukkeri et al., 
1977; Iqbal et al., 2006). The farming of maize for forage production constitutes a fast 
way of obtaining high dry matter production rates and an ideal quality for cattle feeding 
when it is administered either as fresh forage or as silage (Boschini and Amador, 2001; 
Iqbal et al.,2015).  
Furthermore, this forage, while fresh, has a 7.2 to 8.5% of protein, from 32.5 to 33.5% 
of crude fibre, from 1 to 2.5% of fat, besides containing high quantities of carbohydrates, 
it has the potential of providing an energy rich material for cattle feeding and of being 
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used at all levels of production without damages derived from oxalic acid or 
hydrocyanic acid (prussic), as is the case with sorghum (Dahmardeh, 2011).  
Forage from immature plant thinning contains up to six times the crude protein (CP) 
content of dry stover, and can produce up to 4 t DM/ha of high-quality feed without 
significantly affecting the final grain yield (Onim et al. 1991; Methu 1998). 
One of the most common indices for evaluating forage quality is neutral detergent fibre 
(NDF), derived from cell wall components of plants. Specifically, NDF includes both 
lignin and non-lignin (primarily cellulose and hemicellulose) components that have 
different degradation characteristics (Cao et al., 2013).  
Desirable forage characteristics include high dry matter yield, high protein 
concentration, high energy concentration (high digestibility), high intake potential (low 
fibre content), and optimum dry matter concentration at harvest for acceptable forage 
fermentation (Carter et al., 1991).  
Maize is an ideal forage crop as it is quick growing, high yielding, palatable and 
nutritious. Among the cultivated non-legume fodders, maize is the most important crop 
that can be grown round the year under irrigated conditions. It is free from any anti-
nutritional components and is considered a valuable fodder crop. It contains high 
concentrations of protein and minerals and possesses high digestibility (Chaudhary et 
al., 2014).  
Maize is an excellent crop in terms of biomass production. Maize straw is used as animal 
fodder since the ancient times. However, the fodder quality of green maize is far 
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excellent. Amongst the non-legume cultivated fodders, maize is the only fodder which 
produces better nutritional quality along with good quantity of biomass. Its quality is 
much better than sorghum and pearl millet since both sorghum as well as pearl millet 
possesses anti-quality components such as HCN and oxalate, respectively.  
Secondly baby corn is ready for harvest approximately 2 months after sowing. Crude 
protein and in-vitro dry matter digestibility (IVDMD) are two important nutritional 
quality parameters governing fodder quality. Both crude protein and IVDMD in maize 
are highest among the other competitive fodders. The biomass production of maize is 
also equivalent to sorghum and pearl millet (Chaudhary et al., 2012).  
Maize is an excellent crop for ensiling. It possesses high energy value. For proper 
fermentation, the crop might possess sufficient quantities of moisture as well as soluble 
carbohydrates which are converted to lactic acid during the process of fermentation. 
Maize cultivated for green fodder and baby corn purpose possesses the required 
moisture and soluble sugars and, therefore, is most suitable for ensiling. Maize silage is 
becoming more important in dairy rations. Maize is valued because of its high yield and 
ability to make excellent silage, and it can be harvested in a single operation without 
significant leaf loss. Cows fed corn silage produced more milk and consumed more 
silage dry matter in both trials than those fed sorghum silage (Lance et al., 1964).  
Corn silage is used extensively for lactating dairy cows that require high-energy feed 
for maximum milk production (Marsalis et al., 2010; Irlbeck et al., 1993). As livestock 
feed, it is the grain that is most important. The stalks, leaves and immature ears are used 
as forage for ruminants (Leonard and Martin, 1963). Maize grains have great nutritional 
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value as they contain 72 % starch, 10 % protein, 4.8 % oil, 8.5 % fibre, 3.0 % sugar and 
1.7 % ash (Chaudhary, 1983). Zea mays is the most important cereal fodder and grain 
crop under both irrigated and rainfed agricultural systems in the semi-arid and arid 
tropics (Hussan et al., 2003). 
2.9 Maize Stover as Livestock Feed 
Crop stover, the residue after harvesting of matured grains in the field, is a less exploited 
resource of significant quantity (Li et al., 2000). The role of maize stover in the nutrition 
of ruminant livestock varies extensively subject to human population density, type of 
livestock, management system, market access and climate (Thorne et al., 2001). It has 
high concentrations of cellulose and lignin, as well as crude protein, phosphorous (P), 
potassium (K) and trace elements. The utilization of stover as feed for ruminant animals 
may perhaps reduce the difficulties with fodder unavailability and environmental 
pollution instigated by burning straw (Gao et al., 2007) and result in positive economic, 
ecological and social effects (Liu et al., 1998).  
Studies in the United States and Europe show that many beef and dairy farms include 
10 - 20% wheat (Triticum aestivum L.) or maize (Zea mays L.) stover in feed as a major 
source of physical fibre to encourage rumination, sustain animal health, and supply 
nutrients in total mixed rations (TMR) for replacement heifers, dry cows and beef cattle 
(Shi et al., 2012; Adams, 2015). Maize stover has considerable amounts of protein and 
minerals and is distinguished by high digestibility as compared with other non-legume 
fodders (Chaudhary et al., 2014).  
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In Ghana, the utilization of maize fodder in ruminant diet would result in an increase in 
ruminant meat production hence save a great quantity of grain for concentrates and for 
non-ruminant animal feed, therefore reduce air pollution caused by burning crop 
residues in the field and make a beneficial link between productivity of crops and animal 
system. 
Earlier studies have shown variations among maize cultivars in stover nutrient content 
(Tolera et al., 1999; Lauer et al., 2001; Zhao et al., 2007). Ertiro et al. (2013) reported 
a positive relationship between stover fodder quality features and grain yield were weak. 
In order for fodder to be classified as good quality fodder, it requires CP content above 
4% (Wang, 2009). Liang et al. (2015) found out that differences are more significant in 
the upper parts of the stover and that these are more preferred for feeding animals with 
reference to the CP content by Wang (2009).  
The primary limitations of straw for ruminant production according to Raghuvansi et 
al. (2007), are low digestibility, slow rate of breakdown of straw particles to a size that 
can leave the rumen, low propionate fermentation pattern in the rumen and the 
negligible content of both fermentable N and by-pass protein. Bondi (1987) proposed 
that feeds containing less than 6% crude protein enhance negative N balance owing to 
protein deficiency and subsequently straw-based feeds require N supplementation to 





2.10 Maize Leaf Stripping 
Leaf stripping is characterized by the expulsion of lower leaves from the maize; the 
removal of lower leaves from the maize plant at anthesis or post-anthesis (Subedi, 
1996). Leaf stripping causes an increase radiant energy penetration to the undergrowth 
crop in intercropping (Subedi, 1996) and can supply feed to animals (Dzowela, 1985).  
Subedi (1991) found that most farmers in the western slopes of Nepal practiced leaf 
stripping and topping of maize, however the schedule of these practices varied with 
location. More often than not, the removal of the bottom leaves is done as the maize 
silks are drying and the topping when the external husk of the ear turns brown, just 
before maturity. A few farmers accept that these practices help the millet by diminishing 
the shading impact of the maize yet numerous others question whether they have a 
negative impact upon the maize crop. 
The interactions between food crops and animal production systems are very intense 
with increasing population growth. Maize can generate feeds through thinning and leaf 
stripping just before the crop is ready for harvesting of ears. Usually a farmer would 
plant more than one seed per hill as security against germination losses. The extra 
seedlings are eventually thinned out at weeding and are a useful source of feed, 
particularly for small stock. Depending on the original plant population, between 350 
and 1000 kg DM/ha can be generated with a mean crude-protein content and in vitro 
dry-matter digestibility of 21 and 59%, respectively. Additional feed can be generated 
in this way just after silking stage from those plants that will have aborted.  
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Other methods of obtaining green stover are generally less detrimental to soil fertility 
but produce less feed. Leaf stripping involves removing the bottom leaves from the plant 
sequentially over a period of time. Topping is the harvest of plant tops at silking stage. 
Both of these practices are labour intensive and less commonly observed although they 
produce better quality feed than harvesting dry stover without significantly affecting 
grain yield (Otieno et al. 1992; Shirima 1994). Semenye et al. (1991) found similar 
results for leaf stripping in western Kenya. Leaf stripping can begin 90 days after 
planting with the removal of one leaf per plant per week, starting with the bottom leaves. 
Four leaves, including the flag leaf and the leaves subtending the cobs, should be left 
on each plant. This procedure can give about 800 kg DM/ha if done for up to nine weeks.  
Table 3 shows some estimates of nutrient quality reported for fresh and dry (hay) leaf-
stripping. It has been shown that fresh maize leaves contain sufficient protein, 
macronutrients and energy to support lamb gains at about 100 g/day with an intake of 
770 g/day and food conversion efficiency of 8-10 (Kayongo-Male and Abate, 1982).  
Table 3: Quality estimates of fresh and dry (hay) maize leaf stripping 
Quality Parameters Fresh Leaves Dry Hay 
Crude Protein 12.8 9.5 
Acid detergent fibre 41.8 47.5 
Lignin 6.5 6.3 
In-vitro dry matter digestibility 55.7 50.5 
Calcium 0.60 - 
Phosphorous 0.25 - 
Source: (Kayongo-Male and Abate, 1982).  
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2.11 Effect of Leaf Stripping on Plant Growth and Development 
Leaf growth is an important component influencing light interception, crop growth and 
yield in cereals (Gallagher and Biscoe, 1978). Plant response to defoliation depends on 
more than just the total amount of leaf area that is lost (Ahmadi et al., 2009). It is also 
known that defoliation intensity may vary along nutrient availability gradients and that 
defoliation may alter competition relationship between species (Alhamad and 
Alrababah, 2008).  
Wilhelm et al. (2000) indicated that measurement of leaf area index (LAI) is critical to 
understanding many aspects of crop development, growth, and management. Therefore, 
plant LAI is a key variable in agricultural modeling for quantitative measurements 
(Baez-Gonzalez et al., 2005), and analysis of water use, foliage density, and crop growth 
(Tewolde et al., 2005).  
Other research reported that LAI of at least 3.5 is needed by early reproductive stage of 
soybean in order to have optimum light interception (Board and Harville, 1993; Board 
and Tan, 1995). Board and Harville (1996) noted that plant LAI was positively 
correlated with soybean grain yield. 
Earlier studies addressing effect of leaf removal on growth and yield indicates that 
defoliation of maize leaf up to 50 % at the time of feed shortage did not have adverse 
effects in grain and stover yield components of maize (An et al., 2003). Canopy growth, 
fruit yield, fruit quality and leaf size were not negatively impacted when annual 
defoliation did not exceed 25% of the total canopy leaf area (Collantes et al., 1997).  
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There is a direct relationship between grain yield and the number of leaves removed 
(Tilahun, 1993).  
In any crop, the degree of yield reduction is directly proportional to the percentage of 
leaf area destroyed. The loss of functional leaf area results in loss of photosynthetic area 
of plant and reduce the assimilate availability (Walpole and Morgan, 1970). Light 
interception and crop growth is affected by leaf area index (LAI) (Pearce et al., 1965).  
The superior effect of top leaves on the yield depends on their extent of sunlight 
absorption. It was reported that apex leaves of ear could transfer about 23-91% of 
photosynthetic matters to the cobs (Andrew and Peterson, 1984).  
Final yield of dry matter has been shown to be proportional to the total amount of 
radiation intercepted by crop during the growth period (Scott and Jaggard, 1978). Plant 
height, cob length, ear height, number of rows per cob, number of kernel per cob, weight 
of 1000 kernels were observed to have positive correlation with grain yield (Kurmar 
and Kurmar, 1997). The grain stores photosynthates via three main resources including 
current photosynthesis in the leaves, photosynthesis in green parts of plants excluding 
leaves and transferring from the storing parts (Hashemi and Maraashi, 1993).  
Earlier studies indicate that de-tasselling can increase maize grain yield (Lambert and 
Johnson, 1978; Grogan, 1956; Subedi, 1996). Subedi (1996) attributed the increase in 
grain yield  to competition between the developing male and female inflorescences for 
plant nutrients and assimilates, a reason supported by the fact that the removal of the 
maize tassels after pollination did not increase yield, presumably because the nutrients 
and assimilates had already been utilized for pollen formation. Removal of basal leaves 
46 
 
and tops had no effect on maize grain yield, possibly because the leaves below the ear 
make little contribution to grain dry matter accumulation. Similarly, topping 30 days 
after 50% silking had no effect on yield because dry matter accumulation in the grains 
was almost complete by then.  
Moreover, Subedi (1996) reported results that runs counter to the hypothesis that millet 
yield would be increased by the reduced shading following removal of leaves, tassels 
and tops of the maize but supports the farmers' traditional belief that late leaf stripping 
and topping have no detrimental effect on yield. It can thus be concluded that the 
farmers' traditional practices are judicious. De-tasselling of maize before pollination and 
topping after physiological maturity of the crop not only provide fodder when it is in 
short supply but also increase the grain yield of maize (Subedi, 1996). Zhu et al., (2004) 
reported an 7%, 10.7% and 22% increase in grain yield, harvest index and water use 
efficiency, respectively, in an early sown late maturity wheat defoliation at late tillering, 
when compared to an intact control. 
According to Mostafavi and Cross (1990), the availability of products of photosynthesis, 
determined in part by the source-sink ratio, affects the growth rate of kernel and final 
kernel weight. Most of the dry matter in the grain of maize comes from photosynthesis 
that occurs after flowering (Allison and Watson, 1966; Swank et. al, 1982; Simmons 
and Jones, 1985). It is evident that the effects of manipulation of assimilate supply 
depend on the stage of grain development. When applied at silking, it was reported that 
leaf area removal decreases the rate of total dry matter accumulation (Frey, 1981). 
Defoliation treatments restricting carbohydrate supply reduce grain yield mainly by 
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decreasing the number of kernels per ear via precocious cessation of kernel development 
in the apical portion of the ear (Tollenaar and Daynard, 1978; Frey, 1981).  
Tollenaar (1977) has also indicated assimilate reduction through partial leaf removal to 
have little effect on kernel growth rate when imposed after the final number of kernels 
per ear has been established but reduces kernel weight at maturity due to reduced 
duration of grain filling. An earlier study has suggested that between 25-50 % of the 
crop residue generated in the humid forest and savanna zones of West Africa could be 
used as feed for livestock without seriously affecting crop yields (Larbi et al., 2002). 
2.12 Nutritive Quality of Groundnut Haulms 
Leguminous crops are crucial in mixed crop-livestock production systems due to their 
highly palatable fodder, nutritious grains, and also their ability to improve the soil's 
fertility through nitrogen fixation (Alemayehu, 1997). According to Hatam and Abbasi 
(1994), groundnut (Arachis hypogaea L.) is largely the commonest leguminous crops, 
which is ranked 13th among world crops.  
This crop is grown primarily in sub-tropical and tropical countries, including Ghana, 
and is mostly used in ruminants as a single diet, in particular throughout the dry season 
(Ansah et al., 2017). Groundnut is cultivated extensively in Ghana in the rainy season 
and about 70 percent of it is produced in the Guinea savanna ecological region. This 
make regions in that ecological zone the most important groundnut producers in the 
country (Oteng-Frimpong et al., 2017).  
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Besides the utilization of groundnut as food for mankind, the vegetative part (haulms) 
of the plant can be preserved as hay and used as a sole diet or as a supplement in 
ruminant livestock feed (Ansah et al., 2017). 
In Ghana, groundnut haulm is commonly used as supplementary feed in ruminant 
production by smallholder farmers who depend largely on natural pasture Konlan et al., 
2012). This natural pasture is mostly poor in quality during the dry season and 
supplementation contributes substantially to the performance of animals (Oppong-
Anane, 2013). Moreover, there is an emerging livestock feed market in Ghana solely 
based on farm residues with groundnut haulms as one of the most expensive residues 
(Konlan et al., 2014).  
One major importance of groundnut in the Guinea savanna agroecology of Ghana is the 
use of the haulms for livestock feeding (Martey et al., 2015). Groundnut haulms after 
harvest have a high economic value as they are sold to livestock farmers. The haulms 
also contain high amounts of nitrogen which has the potential to improve soil fertility 
when incorporated into the soil (Ahiabor et al., 2011). Therefore, groundnut varieties 
that combine high haulm yield with high pod yield are very desirable for farmers in the 
Guinea savanna agroecology of Ghana. Groundnut haulms are more palatable and rich 
in protein compared to stovers of cereals which have low N, high fibre content, and poor 
digestibility and therefore have low nutritive value and are used as supplementary feed 
(Singh et al., 2011).  
In male sheep, Prasad et al. (2010) reported an average daily voluntary feed intake of 
more than 4% of live body weight. This level of voluntary feed intake is on the high 
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side and is rarely seen in animals on any kind of feed except lactating animals (Forbes, 
1986). Groundnut haulms are also important in the poultry industry as substituting 6% 
of concentrate mixture with groundnut haulms resulted in a 15% increase in live body 
weight of broilers compared to the controls (Ribadiya et al., 2015). The substantial 
increase observed was attributed to improved feed intake and high nutrient availability 
in groundnut haulms. Crude protein concentration of haulms of many groundnut 
cultivars ranges from 8% to 15% and ether extract from 1% to 3% (Nigam and Blummel, 
2010; Ozyigit and Bilgen, 2013).  
Groundnut haulms contain neutral detergent fibre (NDF) of about 47%, acid detergent 
fibre (ADF), and lignin content around 36.5% and 6.3%, respectively (Ayantunde  et al. 
2008). Digestibility of groundnut haulms ranges from 74 to 88% in ruminants and 
support animals’ growth performance even when fed as sole feed (Karbo et al., 1997). 
Nigam and Blummel (2010) also reported an in vitro digestibility between 52 and 61%.  
2.13 The West African Dwarf Sheep 
The West African Dwarf (WAD) sheep, commonly known as Djallonké widely 
distributed throughout the West and Central Africa. They are believed to have evolved 
from the ancient Egyptian sheep, Ovis longipes palaeoaegypticus (Yapi-Gnaore et al., 
1997). The Djallonké sheep is the predominant sheep breed in Ghana (Karbo and Bruce, 
2000; Annor, 2002; Koney, 2004; Baffour-Awuah et al., 2007) although Sahelian 
crosses exist, accounting for less than 10% of the sheep population (Koney, 2004).  
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The Djallonké are thin-tailed sheep belonging to the larger West Africa Dwarf breed 
(Traore et al., 2008). The breed has been described by Gbangboche et al. (2008) and 
Koney (2004) as a compact breed that reaches a height of 40 to 60cm at the withers and 
weighs 20 to 30kg (females) or 25 to 35kg (males). It is small in size, but physically and 
sexually strong. Their prolificacy in West Africa varies from 110% (Ginisty, 1976) to 
161% (Dettmers and Hill, 1974). The rams have horns while the females are polled. The 
typical colours of this breed are white, black, brown or a motley mixture of white and 
black, where the black colour is confined to the headquarters and hindquarters, with the 
white colour dominating the middle portion (Wilson, 1991; Payne and Wilson, 1999).  
The WAD sheep is resistant to stress and diseases. Although it is acknowledged for its 
hardiness, trypano-tolerance, tick tolerance, prolificacy and suitability for year-round 
breeding (Koney, 2004; Bosso et al., 2007), its slow growth potential militates against 
its productivity (Gbangboche et al., 2006). Apart from serving as a source of meat and 
income, the WAD sheep has significant social purposes including religious and funeral 
ceremonies in West Africa. In terms of value, the live animals have more value than its 
carcass and are thus used as gifts for strengthening human relationship, symbol of 
appreciation and payment of bride prices (Charray et al., 1992). Sheep rearing in Ghana 
is mainly for meat production using the Djallonke and Sahellian Sheep and their cross 
breeds (Ockling, 1986; MOFA, 2000).  
2.14 Storage of fodder and its effects on nutrient content 
One of the most significant factors deciding profitability in livestock operations is 
achieving optimum feeding levels (Davies and Onukwa, 1996). However, a scarcity of 
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inexpensive feeds especially during the rainy season, is a major impediment to 
increasing production (Chedly and Lee, 1999). A "staircase" growth trend is noticed 
when animals are not well fed throughout the dry season. Consequently, livestock 
farmers in most developing countries face the biggest challenge of feeding throughout 
the dry season (Ikhatua and Adu, 1984).  
Improved livestock production has the ability to increase food security and household 
income (Chedly and Lee, 1999) by conserving forages, crop residues and Agro by-
products during periods of abundance for use in feeding livestock throughout future 
periods of feed shortages. Conservation can be achieved by sun drying (hay), artificial 
drying (meal) and addition of acids or fermentation as silage (Mannetje, 1999).  
Since both grasses and legumes lose quality as the dry season progresses, ways to 
preserve nutritive quality throughout the rainy season, such as haymaking and ensiling 
may be advisable (Duru and Columbani 1992). Storage of feed usually has the 
advantage of being a feed reserve to increase productivity in seasons of drought and 
scarcity. It also ensures the judicious use of excess vegetative growth and enables the 
storage of potentially unstable material (Cowan, 1999).  
Although storage aims to preserve the quality and quantity of feed for later use, losses 
of nutrients, particularly crude protein, during the storage process have been reported. 
Losses in crude protein contents of Pennisetum purpureum forage and Gliricidia sepium 
leaves, stored as hay for a period of four weeks, have been reported by Davies and 
Onukwa (1996).  
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Fasae et al. (2009) also reported that storing cassava leaves beyond 3 months increased 
the dry matter content, while crude protein content declined with the length of storage. 
Declines in crude protein, fat and ash content of conventional feedstuffs like fishmeal 
have been reported by Omer (2012). Changes in nutrient composition of forages and 
various feeds in storage may be due in part to volatilization (Merchen and Satter, 1983), 
exposure to high degrees of temperature, shifts in temperature, initial autolysis 
(Enzymatic) and bacterial activity due to conditions of transporting and handling (Omer, 
2012).  
A trial by Antwi et al. (2011) that tested the effect of different farmer storage techniques 
(roof, shed and field storage) on nutrient retention in dual-purpose cowpea haulm after 
different periods in storage showed that crude protein remaining declined in the cowpea 
haulms in the field storage. In the same trial Acid Detergent Insoluble Nitrogen (ADIN), 
Acid Detergent Fiber (ADF) and Neutral Detergent Fiber (NDF) remaining increased 
in concentration in the cowpea haulms left in the field and the roof storage systems. 
Thus, the plant materials in the cowpea haulm left as standing hay in the field lignifies, 
making the plants nitrogen to complex with the carbohydrate making it unavailable to 
the animal. In addition, the heat generated in the haulm stored under roof system may 
have promoted Maillard reaction, hence the high ADIN recorded under that system. The 
study concluded that the shed system of storage retains the quality and availability of 
haulm in respect of dry matter and crude protein contents. c) and bacterial activity due 




3.0 MATERIALS AND METHODS 
3.1 Experiment 1: Fodder yield and growth performance of Djallonké sheep fed 
haulms of groundnut cultivated at different plant spacing 
3.1.1 Study area 
3.1.1.1 Agronomic trial 
The experiment was conducted on-farm in Africa-RISING Intervention Communities 
(Tingoli, Cheyohi No. 2, Duko and Tibali) in Northern region of Ghana. Tingoli and 
Cheyohi No. 2 communities are in the Tolon District while Duko and Tibali are located 
in Savelugu District. Tolon and Savelugu District experience a unimodal rainfall pattern 
which commence in late April and end in October (MoFA, 2011; Oppong-Anane, 2013) 
with the dry season starting from November to early April. Mean annual rainfall for 
Tolon ranges between 950mm – 1,200 mm with day temperature ranging from 33oC to 
39oC and night temperature ranging from 20oC to 26oC (GSS, 2013). Savelugu records 
an annual vertical ground water of about 0.3% and 0.4% (Attandoh, 2013). 
Temperatures in this district generally fluctuate between 15oC (minimum) and 42oC 
(maximum) with a mean annual temperature of 28.5 oC. The mean annual daytime 
relative humidity is 54%.  
3.1.1.2 Livestock feeding trial 
The experiment was conducted on-farm in three Africa-RISING intervention 
communities: Tingoli, Tibali and Duko in the Northern region of Ghana. The climatic 
conditions for the Agronomic trials were the same for the livestock feeding trials. Table 
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4 below shows the GPS coordinates for the experimental sites for the livestock feeding 
trials. 




Tingoli Duko Tibali 
30 N  09.37539° 
W 001.01298° 
157m 
N  09.56364° 
W 000.83188° 
159m 
N  09.66606° 
W 000.84308° 
151m 
45 N  09.37451° 
W  001.01233° 
158m 
N  09.56210° 
W  000.82961° 
164m 
N  09.66681 ° 
W  000.84417° 
144m 
60 N  09.37385° 
W 001.01114° 
162m 
N  09.56334° 
W 000.83250° 
157m 
N  09.66852° 
W 000.84390° 
146m 
75 N  09.37872° 
W  001.00991° 
162m 
N  09.56374° 
W  000.83210° 
159m 
N  09.66607° 
W  000.84388° 
147m 
 
3.2.2 Experimental design 
3.2.2.1 Agronomic trial 
The experiment was carried out in a randomized complete block configuration during 
the 2018 cropping season with 12 farmers as replicates. The treatment was based on 
four groundnut plant spacings (30 x 15cm, 45 x 15cm, 60 x 15cm and 75 x 15 cm).  
3.2.2.2 Livestock Feeding Trial 
An on-farm study was conducted to determine the growth performance of sheep fed 
groundnut haulm meal. A total of 60 Djallonké sheep comprising of 36 females and 24 
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males were provided by 12 farmers in three communities within the northern region of 
Ghana. Twelve farmers were selected purposively from the communities where the 
feeding trial was conducted (Duko, Tibali and Tingoli). Each farmer provided five 
Djallonké sheep with similar body weight, a good housing unit and also similar 
management practice.  The farmers were randomly selected and each treatment was 
assigned to each farmer. Animal dentition and information obtained from the owners 
were used to determine the ages of the animals. 
The study used randomized complete block (RCBD) design with four treatments and 
three replications. Each community received all treatments. The sheep average initial 
live weights were 19.0 ± 2.0 kg. Each farmer was randomly assigned to one of the four 
of groundnut haulm meal (GHM) and replicated three times. The treatments were based 
on plant spacing of groundnut. 
3.2.2.3 Preparation of Experimental Diet 
The principal ingredient (groundnut haulm) was obtained from the agronomic 
experimental fields under Africa Research in Sustainable Intensification for the Next 
Generation (RISING) project fields in the Northern region. The groundnut haulms were 
sun-dried on large tarpaulin sheets on a cemented floor. It was turned daily to ensure 
uniform drying and to eliminate insects and also prevent the haulms from growing 
moulds. The advantage of sun drying was to enhance diet formulation, eliminate 
protozoa and fungi as well as reduce bacteria contamination. The dried groundnut 
haulms were placed in sacks and store at a dried place. Corn bran was also incorporated 
in the GHM preparation. The corn bran was purchased from Tamale central market after 
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which it was dried and preserved in sacks. The GHM was a combination of groundnut 
haulm and corn bran at a percentage ratio of 60%:40%. The feed was mixed thoroughly 
before it was offered to the experimental animals.  
3.2.2.4 Management of experimental animals 
Animals were kept semi-intensively. They were kept in pens for 20h each day and then 
allowed to graze for 4h each day. They were allowed to graze in the evening between 
the hours of 14:00 to 18:00. Rice husks were used as bedding material in the pens. 
Feeding and watering trough were washed regularly. 
Multibendazole suspension 2.5% was used to control internal parasite (worms) before 
the commencement of the work and a compound ivermectin injection was used to 
control internal and external parasite after the work. 
Three different ropes with three different colours were used as a means of identification 
of experimental animals. Number codes were assigned to the colours to aid in easy data 
collection. The ropes were loosely tied around the necks of the animal. 
3.2.3 Data Collection 
3.2.3.1 Grain and Fodder Yield 
The weights of groundnut and fodder yield were measured from groundnut plants in the 
two middle rows of treatment plot. The groundnut pods from the plants in the harvest 
area were plugged. The pods harvested were then shelled and the seeds counted. The 
total weight of peanut from the respective net plots were recorded before shelling and 
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further drying to a moisture content of 13 % using a moisture 42 meter. The weights of 
peanuts harvest from each net plot were then extrapolated to total pod yield per hectare 
basis. 
The seed yield was determined on per hectare basis as follows: 
Grain yield (Kg/ha) = Weight of grains ×10000 m2/Net area 
Groundnut haulms after harvest were dried and weighed. The values were then 
converted to stover yield ha-1 for each treatment. 
3.2.3.2 Leaf to Stem Ratio 
A total of 96 groundnut haulms were randomly selected to determine stem to leaf ratio. 
Four were selected from each variety (Azivivi, Samnut 22, Yenyawoso, Manipinta, 
Samnut 23 and Chinese) within each planting space. The haulms were separated into 
leaf and stem portions and the weight of each portion were recorded. Roots were not 
included in the stem.  
3.2.3.3 Feed intake 
The experimental animals were fed with a measured quantity of groundnut haulm meal 
(GHM) after which the leftovers were weighed. This data was used to calculate feed 
intake. Feed intake was calculated using the formula below.  
 Fi= Fo -Fl / Fo ×100.   
Where Fi, Fo and Fl represent feed intake, feed offered and feed leftovers respectively. 
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3.2.3.4 Weekly weight gain 
The initial average weight of the experimental animals was recorded followed by 
weekly weight records and the final average weight taking at the end of the trial. The 
initial and final average weights were taken with a 24h interval. The weights were taking 
between 6.30 am and 9.30 am after feed withdrawal for about 14-16 hours to avoid error 
due to gut-fill.  
3.2.4 Data Analysis 
Data from both experiments were subjected to analysis of variance (ANOVA) using 
SAS version 9.2. Treatment means with significant differences were separated Least 
Significant Difference (LSD) at a probability level of 0.05.   
3.2 Experiment 2: nutritional quality of leaf strippings of different varieties of 
maize at different physiological stages of maturity 
3.2.1 Study area 
3.2.1.1 Agronomic trial 
The trial was carried out in the Northern Region of Ghana. Field experiments were 
carried out during the wet season at four (4) Technology Parks of the International 
Institute for Tropical Agriculture (IITA). The parks are located in the following 
communities; Tingoli and Cheyohi No. 2 in the Tolon District and Kumbungu District 
respectively, Duko and Tibali in the Savelugu Municipality. The Tolon District lies 
between latitudes 9° 15ʹ` and 10°0 02` North and Longitudes 0° 53ʹand 1° 25ʹ West. It 
shares boundaries to the North with Kumbungu, North Gonja to the West, Central Gonja 
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to the South, and Sagnarigu Districts to the East (GSS, 2013). The rainfall pattern is 
unimodal and starts from May to October (Oppong-Anane 2010). The region receives a 
mean annual rainfall of 600 mm which is deemed sufficient for a single farming season. 
The annual rainfall pattern is unpredictable at the start of the raining season, 
commencing in April and increases as the season progresses, elevating the mean from 
600 mm to 1000 mm sometimes. The dry season starts from November to March with 
day temperatures ranging from 33°C to 39°C, while mean night temperature range from 
20 °C to 26 °C (GSS, 2013).  The vegetation comprises short, deciduous, broadly 
dispersed, fire-resistant trees and shrubs, which do not form close canopy and the 
general ground floral cover is exclusively grass of varying heights. Generally, the soil 
surface is bare in the dry season after bush fire (Amankwah et al., 2012; Oppong-Anane, 
2010). Table 5 below indicates the coordinates of the experimental sites and planting 
dates. 
Table 5: GPS Coordinates of the Experimental Sites and Planting Dates 
District Community Latitude (N) Longitude (W) Planting Date 
Tolon Cheyohi No.2 9.44590 0.99140 5/7/2018 
Tolon Tingoli 9.37885 1.00389 3/7/2018 
Savelugu Duko 9.55803 0.82825 25/6/2018 




3.2.2 Experimental Design 
3.2.2.1 Agronomic Trial 
The experiment was laid out in a 3 × 3 factorial experiment in a split plot design with 
four replications. The experiment was set in a 3 x 3 factorial design with two factors; 
maize variety and leaf stripping type. The treatments used for the experiment are: 
removal of maize leaves at 50% tasseling, removal of maize leaves at 50% silking and 
farmers' traditional practices (no leaf-stripping). The selection of maize varieties is 
based on their maturity times. These are the extra-early maturing variety (Abontem), 
early maturing variety (Omankwa) and medium maturing type (Obatanpa). These 
varieties mature in 80 days, 90 days and 120 days respectively.  
3.2.2.2 Field Establishment 
A land of 17 x 16 m2 was prepared by ploughing which is the common land preparation 
method in the study area. The prepared land was further divided into nine (9) plots as 
shown in the field layout below. The plot size for the experiment was 5 m X 4.5 m. 
Maize was sown on 25/06/2018, 09/07/2018, 03/07/2018 and 05/07/2018 for Duko, 
Tibali, Tingoli and Cheyohi No. 2 respectively with a spacing of 75 cm between rows 
and 25 cm between hills within the rows. Each plot had six rows. Three seeds per hill 
































Leaf stripping at 
50% tasseling 
















Plate 1: Stripped maize plot                               Plate 2: Harvested maize fodder                               
3.2.2.3 Fertilizer Application 
Fertilizer application was carried twice during the trial. The first application was a basal 
fertilizer application followed by a top dressing application. The basal fertilizer was 
applied evenly on all maize plants at 10-14 days after sowing at 5-8 cm from the hills. 
Compound fertilizer (NPK-15-15-15) was distributed evenly among all maize plants 
within a plot at a rate of 26.7 kg/ha. The top dressing application was done using 
Sulphate of Ammonia (SA) at a rate of 88.9 kg/ha. This was distributed evenly among 
maize plants in the plot at 4-5 weeks after sowing at 5-8 cm from the hills. 
3.2.2.4 Weeding 
Weed management was done twice manually using a hoe at the third and fifth week 
after planting. Weeding was also done when necessary. 
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3.2.3 Harvesting Procedure and Data Collection 
3.2.3.1 Grain Yield 
At physiological maturity, maize cobs were harvested from the 2 middle rows with net 
area of 5 m x 1.5 m in each plot. The cobs were then dried, threshed, winnowed and 
grains weighed. The maize grain yield was determined on per hectare basis as follows: 
Grain yield (Kg/ha) = Weight of grains ×10000 m2/Net area 
3.2.3.2 Fodder yield (DM) of Maize 
Stripping of leaves (harvesting) was done at height of 60 cm from the stem of the plants 
to the ground surface. All the maize plants in each plot were stripped except the control 
plots. For each variety at each harvesting, the total harvest per plot of fresh leaves was 
weighed and Fodder yield of each plot was calculated on dry matter basis by multiplying 
the percentage dry weight of the sub samples from the whole fraction to the fresh weight 
of the varieties per plot area (22.5 m2) and converted to hectares. Yield taken from net 
plot converted into kg ha-1. 
3.2.3.3 Stover Yield 
Maize stover harvested from the 2 middle rows of each plot was weighed using hanging 
scale. This was done for all plots in each replicate. The maize stover yield was 
determined on per hectare basis. 
Stover yield (Kg/ha) = Weight of stover ×10000 m2/Net area 
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3.2.4 Chemical Parameters Determination 
Sub-samples of 1 kg were taken from each treatment for chemical analyses. Sub-
samples of harvested leaves representing the harvest from each plot were taken. They 
were chopped into smaller size (2-5cm) to facilitate drying and milling. Forage samples 
were grinded using a laboratory mill (Wiley mill) and then passed through 1 mm sieve 
screens for laboratory analysis at the CSIR-Savanna Agricultural Research Institute, 
Nyankpala (Georing and Van Soest, 1970; AOAC, 1990). The milled samples were then 
analyzed for DM, organic matter (OM), N, crude protein (CP), fibre components 
[neutral detergent fibre (NDF) and acid detergent fibre (ADF)] as well as in vitro organic 
matter digestibility (IVOMD) at the Forage Evaluation Unit of the University for 
Development Studies, Nyankpala, Ghana. 
Proximate analysis of DM, OM, ash, N, and CP content of feed and faecal samples were 
done following AOAC (1990) approved methods. 
3.2.4.1 Dry Matter 
Sub-samples of the harvested maize forage DM were determined by weighing 10 g of 
each sample into an aluminum pan and placed into forced air oven at 60 oC for 48 hours. 
The weight after oven drying was measured and used to calculate the dry matter 
percentage of each treatment (AOAC, 1990). The DM% was then determined by the 
relation; 
Dry matter % = (Dry sample weight × 100) ÷ Fresh sample weight 
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3.2.4.2 Crude Protein 
The crude protein content of the forage samples were determined according to the 
AOAC (1990) procedure. Two (2) grams of each of dried ground feed sample was 
weighed and placed into Kjeldahl digestion tubes and blank determination was done by 
digesting filter paper in each set of digestion. About 15 ml of concentrated sulphuric 
acid (H2SO4) and two Kjeldahl tabs were added to the content of each digestion tube. 
The Kjeldahl tabs contain potassium sulphate (K2SO4) and copper sulphate (CuSO4) 
which increases the boiling point and acts as a catalyst respectively. The tubes were 
mounted on Kjeldahl digestion block (J. P. Selecta, s.a, Pro-Nitro II Spain) and heated 
gradually to 420 oC and maintained for 3 h. The tubes removed and allowed to cool at 
room temperature. Thereafter, 50 ml of distilled water was added and distilled using an 
automated Kjeldahl distillation apparatus J. P. s.a, Pro-Nitro II). About 50 ml of 
previously prepared 35% sodium hydroxide (35% NaOH) and 25 ml of 4% Boric acid 
(4% H3BO3) were drawn into a 25 ml Erlemeyyer flask to trap the liberated ammonia 
during the distillation period of  9 min per sample. The distillate was collected and 
titrated against 0.1 N hydrochloric acid. The average titre values were recorded and the 
percentage nitrogen (%N) and CP (% CP) calculated using the formulae: 
% Nitrogen = (T-B) × N × 14/ Weight of sample (g) 
Crude protein was calculated from nitrogen content with the relation; 




T- Sample titre value,  
B-Blank titre value,  
N- Concentration of HCl 
3.2.4.3 In vitro Gas experiment technique 
The in vitro gas production technique of Theodorou et al. (1994) was adopted. 
Approximately, 200 mg of oven dried samples from each treatment was weighed into 
50 ml test tubes. The McDougall’s buffer was prepared a day before the incubation. 
McDougall’s salivary buffer solution was prepared from solutions A and solution B. 
Solution A was made by dissolving 19.60 g NaHCO3, 9.28 g Na2HPO4 ּ2H2O, 1.14 g 
KCl, 0.94 g NaCl and 0.26 g of MgCl ּ 6H2O in 2 L of distilled water. Solution B was 
made by dissolving 2.65 g of CaCl2 ּ 2H2O in 50 ml of distilled water. Complete salivary 
buffer was prepared by adding 2 ml of solution B to solution A, which was then warmed 
to 39 oC with continuous stirring and flushing with carbon dioxide (CO2) immediately 
before starting to incubate samples. About 30 ml of buffered rumen fluid was dispensed 
into each test tube containing the samples. The buffer and the strained rumen fluid were 
mixed in a ratio of 4:1. 
Rumen fluid was obtained from 3 different cattle at the Tamale abattoir. The rumen 
fluid was collected from the rumen after the animals have been slaughtered and 
evisceration has occurred. The rumen fluid was collected into a thermos flask that had 
been pre-warmed to a temperature of 39 oC. Incubation procedure was as reported by 
Menke and Steingass (1988). The rumen fluid was squeezed through a four layer of 
cheesecloth. The test tubes and the samples were placed in a water bath at a temperature 
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of   39 oC. The gas production was measured using a digital manometer at 3, 6, 9, 12, 
24 h. 
The gas readings were then fitted to the exponential curve of Orskov and McDonald 
(1979) without and intercept using sigmaPlot 10th edition (Systat Software Inc. 2006). 
The degradation of parameters (b and c) was derived from the exponential model. 
Y = b (1- e – ct) 
Where Y = gas volume at time t (ml) 
b =asymptotic gas production (%) 
t = time (h) 
c = fractional rate of gas production (ml/h) 
The digestible organic matter (DOM) was calculated using the equation DOM (%) = 
16.49 + 0.9042 GP + 0.0492 CP + 0.0387 ash by Menke and Steingass (1988) whilst 
the metabolizable energy was calculated using the equation ME (MJ/ kg DM) + 2.20 
+0.136 * GP + 0.057 *CP according to Menke et al. (1979). Where, GP = gas production 
(ml/200mg DM at 24 h) CP = Crude protein (g/kg DM).  
3.2.4.4 Neutral Detergent Fibre (NDF) and Acid Detergent Fibre (ADF) 
Neutral Detergent Fibre (NDF) and Acid Detergent Fibre (ADF) were determined 
exclusive of residual ash by sodium sulfite and ɑ-amylase following the preocedure of 
Van Soest et al. (1991) and was run on the Ankom200 fibre analyser (Ankom Technology 
corp., Fairport, NY). 
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About 0.45-0.55 g of each sample was weighed directly into filter bags (Ankom F57) 
and labelled. The filter bags were then sealed within 4mm of the top with an electronic 
heat sealer. One blank filter bag was included in each run to determine blank bag 
correction. The bags with samples were then placed on the bag suspender and inserted 
into the Ankom fibre analyser with a bag suspender weight on top to keep it submerged. 
Neutral Detergent fibre and acid detergent fibre solutions were then added respectively. 
. Neutral Detergent fibre solution was prepared by dissolving 30.0 g Sodium dodecyl 
sulfate, USP; 18.61 g Ethylene diaminetetra acetic disodium salt, dehydrate; 6.81 g 
Sodium borate; 4.56 g Sodium phosphate dibasic, anhydrous and 10.0 ml Triethylene 
glycol, in 1 L distilled water, whilst that of ADF was prepared by dissolving 20.0 g 
Cetyl trimethylammonium bromide (CTAB) into 1 L of 1.00 N H2SO4. 
For NDF, two litres of NDF solution was added to every 24 sample bags in the fibre 
analyser vessel. 20.0 g (0.5 g/50 ml) of sodium sulfite and 4.0 ml of alpha-amylase was 
added to the solution in the vessel. The fibre analyser was then allowed to run for 75 
minutes. After 75 minutes, the solution in the vessel was exhausted and the content 
rinsed with 2 L of hot water (70-90 oC). Rinsing was repeated three (3) times for 5 
minutes and 4.0 ml of alpha-amylase added to the first and second rinses. After rinsing, 
the samples were placed in acetone for 3-5 minutes after which they were oven dried at 
102 oC for 2 h and weights recorded.  
For ADF, the procedure was the same as that of the NDF except that for ADF the 
analyser was allowed to run for 60 minutes and also sodium sulfite and alpha-amylase 
were not added. 
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3.2.3 Data Analysis 
The data on forage yield including crop residues kg DM/ha and chemical composition 
such as CP, NDF, ADF, ME and IVOMD were subjected to analysis of variance 
(ANOVA) using SAS version 9.2. Treatment means with significant differences were 





















4.0 RESULTS  
4.1. Experiment 1: Fodder yield and growth performance of Djallonké sheep fed 
haulms of groundnut cultivated at different plant spacing 
4.1.1 Agronomic trial 
4.1.1.1 Yield of Six Varieties of Groundnut Haulm 
Yields from the six varieties of groundnut haulm were significantly (P<0.05) different 
(Table 6); with Azivivi having the highest yield in all the parameters and Chinese 
having the least yield in all the parameters. Haulm Leaf: Stem ratio had no significant 
difference between them (P>0.05). 
Table 6: Yield of groundnut haulm from six varieties 
 
Variety 
Haulm Yield from variety (kg/ha)  
Haulm Leaf: Stem 













Samnut23 5850 4300 0.519 







  SEM-Standard Error of Mean 
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4.1.1.2 Groundnut Haulm and Grain Yield 
Table 7 shows a progressive decline in the yield of groundnut haulm and grain from 
plant spacing 30x15cm to 75x15 cm (30>45>60>75). The yields had significant 
(P<0.05) differences. Leaf: stem of the haulm had no significant difference (P>0.05).  
Table 7: Yields of groundnut haulm and grain cultivated at different plant 
spacing 
 
Yield of groundnut grain and haulm  
Haulm Leaf: Stem Plant Spacing Grain (kg/ha) Haulm (kg/ha) 
30x15 cm2 853.6 4154.7 0.418 
45x15 cm2 715.0 2563.7 0.487 
60x15 cm2 610.0 1602.5 0.517 
75x15 cm2 560.9 1322.2 0.445 
S.E.M 27.82 247.16 0.057 
P-value <.0001 <.0001 0.132 
SEM- Standard Error of Mean 
4.1.2 Animal Feeding Trial 
4.1.2.1 Feed Intake and Liveweight 
The quantities of GHM supplemented were not consumed completely by the Djallonké 
sheep. This may be as a result of differences in the quality of the haulm. Results of the 
final weight, average daily gain (ADG) and weight gain of the Djallonké sheep were 
significantly different (Table 8). Animals fed 30x15cm GHM had the highest final 
weight with the least weight obtained from 75x15cm GHM. 
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Weight gain was highly significant for animals fed GHM of 30x15cm, with 45x15cm 
and 60x15cm being similar and the least weight gain for 75x15cm. 
Animal fed on GHM with plant spacing of 30x15cm  recorded the highest ADG (P 
<0.05) with the least values recorded for animal fed on GHM with plant spacing 
70x15cm. 
 
Table 8: Growth performance of sheep fed groundnut haulm meal (GHM) planted at 
different spacing 
Item (n = 12) 
Planting distance (cm) 
  












Initial weight (kg) 21.1 21.0 18.9 19.3 0.94 0.060 
Final weight (kg) 23.4a 22.2ab 22.1b 21.8ab 0.31 0.008 
Weight gain (kg) 3.4a 2.2ab 2.1ab 1.8b 0.24 0.010 
2ADG (g/day) 79.2a 52.0ab 49.8b 42.0ab 79.2 0.010 
1SEM- Standard Error of Mean, 2ADG-Average daily weight gain. 
ab Means in the same row with different superscripts are significantly different (P<0.05). 






Figure 2: Average daily gains of sheep fed groundnut haulms obtained from 
groundnut planted at an inter-row spacing of 30, 45, 60 and 75 cm. 
From figure 2 above, the ADG of Djallonké sheep fed GHM of 30x15cm  was the 
highest followed by 45x15 cm2 and 60x15cm respectively and the least being 
75x15cm. 
Table 9 below indicates the nutritional composition of the various rations fed the 




























Table 9: Ingredient and chemical composition (mean ± SD) of rations offered to Sheep 
 Item (n=3) 
Plant Spacing 
30x15cm2 45x15cm2 60x15cm2 75x12cm2 
Ingredients % DM 
  Groundnut haulm 60 60 60 60 
  Corn bran 40 40 40 40 
Chemical Composition % DM 
  Dry matter  85.9±0.81  86.1±0.99  88.1±0.76  85.6±0.18 
  Crude protein  13.8±1.01  12.4±1.22  10.9±0.17  11.1±0.16 
  NDF  39.2±0.12  40.2±1.32  38.9±0.13  39.7±0.16 
  ADF  26.5±0.11  32.4±0.31  33.8±1.11  33.9±0.19 
  ADL  5.10±0.793  5.87±0.379  6.43±0.603  7.60±0.20 












4.2. Experiment 2: nutritional quality of leaf strippings of different varieties of 
maize at different physiological stages of maturity 
4.2.1 Yield of maize grain, stover, and forage as affected by leaf stripping and 
maturity of maize 
Table 10: Maize grain, stover, and fodder yield as affected by leaf stripping and maize 
maturity 
Yield (kg/ha) 
Leaf Stripping Grain Stover Fodder 
Control 3194.8 4226.7 - 
50% Tasseling 2703.3 3922.2 1357.8 
50% Silking 2545.6 3888.9 1810.7 
1s.e.m 279.64 761.54 289.3 
P-value 0.1422 0.7904 0.0537 
Variety    
Abontem 2817.8 3510.0 1340.6 
Omankwa 2994.4 3842.2 1517.8 
Obatanpa 2634.4 4685.6 1894.4 
1s.e.m 279.6 761.5 308.9 
P-value 0.14 0.10 0.14 
LS*V    
P-value 0.41 0.86 0.98 




The interaction of leaf stripping and maize maturity-type was not significant on grain, 
stover, and forage yields (Table 10). Similarly, leaf stripping did not have any effect on 
(P>0.0) grain, stover, and fodder yields (Table 10).  
4.2.2 Nutrient Composition of Green Maize Forage 
Leaf stripping by maize-maturity type’s interaction and its main effects had no 
significant effect on crude protein, neutral detergent fibre, acid detergent fibre, 
metabolizable energy, and in vitro organic matter digestibility (Table 11). 
Table 11: Maize leaf nutrient composition as affected by leaf stripping and maize 
maturity-type 
 Crude protein 2NDF 3ADF 4ME 5IVOMD 
Leaf stripping (LS) (g/kg)     
Control - - - - - 
50% tasselling 92.9 77.2 51.9 10.4 48.5 
50% silking 98.2 74.9 51.0 10.8 47.7 
1s.e.m. 6.26 3.25 2.98 0.4 0.87 
P-value 0.23 0.62 0.84 0.29 0.378 
Variety (V)      
Abontem 93.2 75.4 51.0 10.4 47.3 
Omankwa 93.3 79.3 54.1 10.4 47.6 
Obatanpa 100.2 73.5 49.3 11.1 49.5 
1s.e.m. 6.6 4.00 3.60 0.43 0.98 
P-value 
0.33 0.590 0.650 0.257 0.116 
LS*V      
P-Value 
0.2 0.830 0.890 0.438 0.344 
1Standard error of mean; 2Neutral detergent fibre; 3Acid detergent fibre; 







5.1 Growth and yield of groundnut varieties 
One major importance of groundnut in the Guinea savanna agroecology of Ghana is the 
use of the haulms for livestock feeding (Martey et al., 2015). Groundnut haulms after 
harvest have a high economic value as they are sold to livestock farmers. The haulms 
also contain high amounts of nitrogen which has the potential to improve soil fertility 
when incorporated into the soil (Ahiabor et al., 2011).  
Therefore, groundnut varieties that combine high haulm yield with high pod yield are 
very desirable for farmers in the Guinea savanna agroecology of Ghana. Results from 
the agronomical trial showed that plant spacing of 30 x 15 cm had the highest yield in 
grain and haulm. Yields were significantly (P<0.05) different. There was a progressive 
decline in grain and haulm yield as the plant spacing increased (30 x 15 cm>45 x 15 
cm>60 x 10 cm> 75 x 15 cm). 
 This results confirm with Patil et al. (2007) results which revealed a progressive decline 
of groundnut grains and haulms when cultivated at the spacing of 30 x 10 cm, 30 x 15 
cm, 45 x 10 cm and 45 x 15 cm (30 x 10 cm>30 x 15 cm> 45 x 10 cm >45 x 15 cm). 
Similar results were also obtained by Deshmukh and Bhoi (1999) and Raghavaiah et al. 
(1995).  
This result is in line with Patil et al. (2007) results reported on the weight of seed and 
yield of groundnut which shows a progressive decline in seed weight and haulm yield 
cultivated at the spacing of 30x10 cm, 30x15 cm, 45x10 cm and 45x15cm. There was a 
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strong correlation (R=0.9949) between grain yield and yield of groundnut haulm. 
Genotypes Azivivi, SAMNUT 22, Manipinta, Samnut 22 and Yenyawosu recorded 
haulm yield without pod above 6 tons ha-1.  
Oteng-Frimpong et al. (2017) reported that some of these genotypes have higher 
tolerance to leaf spots infection (data not shown) and therefore maintained most of their 
foliage at the time of harvest. Contrary to this, CHINESE which is very susceptible to 
foliar disease (Padi et al., 2008) shed most of its leaves by the time of harvest and 
therefore it is not surprising that it recorded the least haulm yield of 4 t ha−1 at the time 
of harvest. Decrease in plant spacing reduced yield components but the additional plant 
m-2 more than compensated for the reduction, resulting in higher pod yield. Thus narrow 
spacing treatments giving high density crop were more efficient in the use of solar 
energy and other growth resources. Similar results have been obtained by Virk et al. 
(2005). 
The advantages of planting groundnut in narrow-row spacing have been documented in 
studies largely conducted in other countries, especially in the Americas. Research has 
revealed that yield increases in these systems are closely linked to increased light 
interception that occurs in narrow versus wide-row spacing (Board et al., 1992; Dalley 
et al., 2004; Shibbles and Webber, 1966). Increase in yield under such narrow-row 
spacing have been attributed to improved weed control as observed in sole peanut and 
soybean based systems (Ahmad et al., 2007; Dubey, 1998; Duke and Alexander, 1964). 
Bradley (2006) confirmed that under most conditions narrow-row spacing will reduce 
the likelihood of weed resurgence in soybean. In many studies, this response has been 
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directly correlated with the faster rate of canopy closure and reduction in light 
interception at the soil surface in narrow 21 compared to wide-row systems. The 
available studies also indicate that the critical time of weed removal is most likely to 
occur later in narrow compared to wide-row crop. Also, peanuts grown in narrow rows 
lost less water to evapotranspiration than those grown in wide rows, enhancing yield 
among the narrow row crop (Chin-Choy et al., 1977). Gibbons and Martins (1980) and 
Mahmoud et al. (1992) also reported cultural control methods such as narrow-row crop 
that produced high plant densities to be highly effective in controlling the incidence and 
spread of groundnut rosette virus (GRV) since it slowed down the multiplication of the 
vector; Aphis craccivora. Schilling and Gibbons (2002) reported that wide spacing 
giving lower plant densities open groundnut crop up to infestation by aphids which 
prefer light and airy conditions.  
5.2 Growth Performance of Sheep  
Djallonké sheep fed GHM of 30x15cm had a lower feed intake compared to Djallonké 
sheep fed GHM of 45x15cm2 and 75x15cm.  Sheep that consumed 30x15cm GHM had 
the highest weight gain and average daily gain (ADG) than that of animals fed GHM of 
plant spacing 75x15cm, 45x15cm and 60x15cm. There was a significant difference 
between intakes (P˂0.05). The variation between intakes could be as a result of the 
quality of feed or differences among individual animals even though measures were put 
in place at the commencement of the experiment to take care of these variations. 
McDonald et al. (1995) indicated that animals will eat more to meet their nutritional 
requirement when the feed is of low quality. Lynch et al. (1992) had earlier indicated 
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that variation within individual sheep and other ruminants had an effect on the rate of 
feed intake.  
The superior digestibility of the 30 x15cm fodder may account for the lower intake of 
the diet and the corresponding higher ADG of the sheep. In ruminants, intake of forage 
diets is generally limited by gut-fill due to bulkiness and other factors, however, when 
digestibility of the forage is higher, intake may be controlled less by forage factors and 
reticulo-rumen capacity but more by nutrient requirements (Horrocks and Vallentine, 
1999). Animal fed on GHM with plant spacing of 30x15cm  recorded the highest ADG 
(P <0.05) with the least values recorded for animal fed on GHM with plant spacing 
70x15cm. this is similar to results reported by Baiden and Duncan  (2009). The ADG 
of sheep fed 30x15cm, 45x15cm and 60x15cm GHM were higher than values reported 
by  rams fed Azivivi, Manipinta and Obolo GHM varieties (Ansah et al., 2017). This 
shows that the sheep fed with haulms from 30 x 15 cm reduced the deposition of 
recalcitrant fibres and increased digestibility and given that ruminants eat to meet their 
requirements, they tend to eat less once their nutritional requirements are met. The low 
growth rate reported in these animals fed with increasing plant spacing treatments may 
be a sign of reduced nutrient utilization from the haulms of these varieties. The manner 
in which ADL limits ruminal digestion has long been known in literature; ADL provides 
limited sites for rumen microbial colonization (Akin, 1989; Van Soest, 1982). In 
legumes, shading of lower parts of a plant by upper parts of the same plant or 
neighbouring plants in compact planting arrangements reduces the interception of solar 
radiation, and the biosynthesis and accumulation of lignin (Wei-gua et al., 2014). This 
alters the nutritional composition, morphological development, biomass yield and 
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digestibility of forages. Lower shading in sparsely planted forages is however expected 
to increase the concentration of indigestible cell wall fraction such as lignin, resulting 
in poorer DMD as observed in 45x15cm and 
 60x15 cm fodders. Stem elongation in legumes increases with increasing plant density 
as a result of shading and elongated stems have lower concentration of recalcitrant cell 
walls (Buxton and Fales, 1994).  
This suggests that these varieties need to be supplemented when fed as sole diets for 
fattening rams in order to achieve live weight gains greater than those found previously. 
However, plants with relatively longer days to maturity often accumulate more stem 
mass than leaves. Stems of most forage have higher concentration of non-photosynthetic 
tissues with higher lignin concentration (Wilson and Kennedy, 1996).  
5.3 Effect of Leaf Stripping and Variety on Maize Yield 
The removal of leaves (leaf stripping) below the ear, before silking and 30 days after, 
resulted in no significant effect on maize grain yield (Subedi, 1996). In support to this 
previous finding, the study showed that the interaction of leaf stripping and maize 
maturity-type was not significant on grain yield. The timing of leaf stripping was 
established to be the crucial factor determining the grain yield response to stripping of 
the lower leaves in this study. Leaf stripping three or four weeks before and three weeks 
after 50% silking had no significant effect on maize grain yield, in part confirming the 
results obtained by Subedi (1996). The results on the effect of timing of leaf stripping 
on maize grain yield and photosynthesis measurements support the hypothesis that leaf 
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stripping increased maize grain yield when the removed leaves were becoming 
senescent and consequently had low photosynthetic capacity but were contributing to 
water loss through transpiration. It is conceivable that removal of the lowest leaves 
reduced canopy transpiration and water stress in post- anthesis period as observed by 
Shimada et al. (1992) in soybeans. The increase in grain filling and yield by removing 
senescing leaves that had low photosynthetic capacity can be supported by the time leaf 
stripping is done and number and position of leaves that are stripped. When senescing 
leaves are not stripped, there will be a point whereby they will no longer be able to 
support themselves and become the net importers of photosynthesis products produced 
by other leaves and plant parts and by so doing become competitors to the developing 
cob. Rousseaux et al. (1993); Sadras et al. (2000) established that maize lower leaves 
start senescing soon after anthesis because of shading by upper leaves. 
 Maize grain yield was shown to be source limited when resource availability was 
reduced during grain filling (Borras et al., 2003). A major limiting factor to the 
realization of maximum grain yield potential in maize in Ghana include drought during 
the critical period where there are episodes of water deficits during anthesis and grain-
filling. Previous study by Mashingaidze et al. (2017) indicate that partial defoliation of 
the maize may alleviate moisture stress effects on grain yield by removing senescing 
leaves that make little contribution to assimilate supply for grain set and grain filling, 
yet contribute to water loss from the plant, resulting in the 16-28% observed increases 
in maize grain yield when compared to the intact control. Shimada et al. (1992) showed 
that in water restricted soybean plants, partial defoliation resulted in higher stomatal 
conductance and apparent photosynthesis in the remaining leaves. Zhu et al. (2004) 
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recorded higher wheat grain. The grain yield for maize reported for all the treatments 
were higher than the national average of Ghana which is 1965 kg/ha (FAOSTAT, 2018). 
The mean yield of maize registered by the Ministry of Agriculture in 2017 was 2.05 
Mt/ha against a projected attainable yield of around 6 Mt/ha (SRID, 2017). This implies 
the possibility of increasing quality forage output through adopting any of the 
techniques used in this study without affecting grain yield. In the context of mixed 
farming systems, the demonstration that leaf stripping can increase maize grain yield 
opens up the possibilities of successfully integrating these interventions to enhance the 
productivity of these systems. 
5.4 Effect of Leaf Stripping and Variety on Green Fodder and Stover Yield 
The interaction of leaf stripping and maize maturity-type had no significant effect on 
stover and green fodder yields. The maize forage yields reported in the study was higher 
than those reported. For hybrids 500 and 600 series more than 680 kg of green maize 
forage can be obtained per hectare from defoliation without reducing grain yield. The 
results obtained for green fodder yield contradicts the findings of Dzowela (1987), who 
reported forage DM yield between 2903 - 4440 kg/ha in established maize pasture 
systems. 
With respect to maize stover yield, the results obtained in the study agrees with the 
findings of Methu et al. (2006) who reported that stover yield is about 600 kg per hectare 
of maize with a little less in the case of topping and defoliating while Chaudhary et al. 
(2012) indicated that maize stover amounts would range from 1200 to 1600 kg per 
hectare. It is envisaged that final stover weight will relatively reduce after stripping. 
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However, planting medium-maturing maize type increased stover yield relative to the 
other maturity-types. With improved production and productivity of maize in Ghana, 
the availability of maize stover will increase. 
5.5 Effect of Different Physiological Stage and Variety on the Chemical 
Composition of Maize Forage 
Leaf stripping by maize-maturity type’s interaction and its main effects had no 
significant effect on crude protein. A study by Gupta et al. (2004) reported crude protein 
content of maize fodder harvested at the silk to milk stage to be between 8-11%. Also, 
Dzowela (1985) indicated that green maize forage is a feed resource of high quality with 
a crude protein content of no less than l2%. However, the crude protein content of maize 
leaf met the minimum crude protein requirement for body maintenance of ruminants 
(NRC, 2006). Since crude protein is an important nutritional quality parameter 
governing fodder quality, this indicates the potential of maize leaf stripping as feed for 
ruminants, especially during periods of feed scarcity in the rainy season. However, the 
digestibility of foliage would be depressed due to lack of nitrogen (Minson and Milford, 
1967). The relatively lower values for CP in the lower half of leaves below ear could be 
associated with the fact that the largest proportions of the leaves were dry when 
harvesting was practiced. Furthermore, it can be highlighted that a food or a diet has to 
have a 7% of CP content to guaranty an enough supply of nitrogen for an effective 
ruminal microbial fermentation (Oramas-Wenholz and Vivas-Quila, 2007), value that 
was easily covered as a result of applying organic fertilization. Leaf stripping by maize-
maturity type’s interaction and its main effects had no significant effect on neutral 
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detergent fibre, acid detergent fibre, metabolizable energy, and in vitro organic matter 
digestibility. With regards to neutral detergent fibre, the results obtained from the main 
effects agrees with the finding of Chaudhary et al. (2014) but the results for the acid 
detergent fibre were contrary to the results reported. Olague-Ramírez et al. (2006) 
established that maize with a high forage quality should have values of 10, 28.56 and 
54.41% for CP, ADF and NDF, respectively. Meanwhile, Zamora-Villa et al. (2016) 
determined that forages of low quality have values higher than 35% and 60% of ADF 













6.0 CONCLUSION AND RECOMMENDATION 
6.1 CONCLUSIONS 
➢ The result of this study showed that groundnut cultivated at a spacing of 
30x15cm2 recorded the highest results with reference to fodder yield, grain yield 
and growth performance of sheep. 
➢ The results of the study showed that the effects of interaction of leaf stripping 
and maize maturity-type had no significant effect on grain yield, stover and 
green fodder yields. Also, there was no significant effect from leaf stripping by 
maize-maturity type’s interaction and its main effects on crude protein, neutral 
detergent fibre, acid detergent fibre, metabolizable energy, and in vitro organic 
matter digestibility. 
6.2 RECOMMENDATIONS 
➢ The cultivation of groundnut at plant spacing of 30x15cm is recommended 
among smallholder farmers. 
➢ The study recommends that farmers adopt the technology of leaf stripping to 
solve the perennial feed challenges encountered during the rainy season.  
➢ Further studies should be conducted on the effect of groundnut haulm cultivated 
at 30x15cm plant spacing on carcass quality and haematology of ruminant.  
➢ Further studies should be conducted on the effect of maize leaf stripping on the 
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 The SAS System 
 
The Mixed Procedure 
Model Information 
Data Set WORK.KASSIM 
Dependent Variable FODDERYIELD 
Covariance Structure Variance Components 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Containment 
 
Class Level Information 
Class Levels Values 
Community 4 Cheyohi Duko Tibali Tingoli 
PLOT 6 4 5 6 7 8 9 
Stripping 2 Silking Tasselli 





Covariance Parameters 2 
Columns in X 12 
Columns in Z 4 
Subjects 1 
Max Obs Per Subject 24 
 
Number of Observations 
Number of Observations Read 24 
Number of Observations Used 24 
Number of Observations Not Used 0 
 
Iteration History 
Iteration Evaluations -2 Res Log Like Criterion 
0 1 296.38156346   
1 1 290.67570427 0.00000000 
 




Covariance Parameter Estimates 





-2 Res Log Likelihood 290.7 
AIC (smaller is better) 294.7 
AICC (smaller is better) 295.5 
BIC (smaller is better) 293.4 
 
Type 3 Tests of Fixed Effects 
Effect Num DF Den DF F Value Pr > F 
Stripping 1 15 4.38 0.0537 
Variety 2 15 2.28 0.1368 








The SAS System 
 
The Mixed Procedure 
Model Information 
Data Set WORK.KASSIM 
Dependent Variable GRAINYIELD 
Covariance Structure Variance Components 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Containment 
 
Class Level Information 
Class Levels Values 
Community 4 Cheyohi Duko Tibali Tingoli 
PLOT 9 1 2 3 4 5 6 7 8 9 
Stripping 3 Control Silking Tasselli 
Variety 3 Abontem Obatanpa Omankwa 
 
Dimensions 




Columns in X 16 
Columns in Z 4 
Subjects 1 
Max Obs Per Subject 36 
 
Number of Observations 
Number of Observations Read 36 
Number of Observations Used 36 
Number of Observations Not Used 0 
 
Iteration History 
Iteration Evaluations -2 Res Log Like Criterion 
0 1 454.35692065   
1 1 453.22265785 0.00000000 
 




Covariance Parameter Estimates 





-2 Res Log Likelihood 453.2 
AIC (smaller is better) 457.2 
AICC (smaller is better) 457.7 
BIC (smaller is better) 456.0 
 
Type 3 Tests of Fixed Effects 
Effect Num DF Den DF F Value Pr > F 
Stripping 2 24 2.12 0.1422 
Variety 2 24 0.59 0.5607 








The SAS System 
 
The Mixed Procedure 
Model Information 
Data Set WORK.KASSIM 
Dependent Variable STOVER 
Covariance Structure Variance Components 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Containment 
 
Class Level Information 
Class Levels Values 
Community 4 Cheyohi Duko Tibali Tingoli 
PLOT 9 1 2 3 4 5 6 7 8 9 
Stripping 3 Control Silking Tasselli 
Variety 3 Abontem Obatanpa Omankwa 
 
Dimensions 




Columns in X 16 
Columns in Z 4 
Subjects 1 
Max Obs Per Subject 36 
 
Number of Observations 
Number of Observations Read 36 
Number of Observations Used 36 
Number of Observations Not Used 0 
 
Iteration History 
Iteration Evaluations -2 Res Log Like Criterion 
0 1 495.83841246   
1 1 484.11555791 0.00000000 
 




Covariance Parameter Estimates 





-2 Res Log Likelihood 484.1 
AIC (smaller is better) 488.1 
AICC (smaller is better) 488.6 
BIC (smaller is better) 486.9 
 
Type 3 Tests of Fixed Effects 
Effect Num DF Den DF F Value Pr > F 
Stripping 2 24 0.24 0.7904 
Variety 2 24 2.52 0.1017 
Stripping*Variety 4 24 0.32 0.8586 
 
The Mixed Procedure 
Model Information 
Data Set WORK.KASSIM 
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The Mixed Procedure 
Model Information 
Dependent Variable CP 
Covariance Structure Variance Components 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Containment 
 
Class Level Information 
Class Levels Values 
Community 4 Cheyohi Duko Tibali Tingoli 
stage 2 Silking Tasselli 
Variety 3 Abontem Obatanpa Omankwa 
 
Dimensions 
Covariance Parameters 2 
Columns in X 12 





Max Obs Per Subject 24 
 
Number of Observations 
Number of Observations Read 24 
Number of Observations Used 24 
Number of Observations Not Used 0 
 
Iteration History 
Iteration Evaluations -2 Res Log Like Criterion 
0 1 157.23694950   
1 1 149.90861952 0.00000000 
 
Convergence criteria met. 
 
Covariance Parameter Estimates 







-2 Res Log Likelihood 149.9 
AIC (smaller is better) 153.9 
AICC (smaller is better) 154.7 
BIC (smaller is better) 152.7 
 
Type 3 Tests of Fixed Effects 
Effect Num DF Den DF F Value Pr > F 
stage 1 15 1.55 0.2316 
Variety 2 15 1.18 0.3329 




The Mixed Procedure 
Model Information 
Data Set WORK.KASSIM 
Dependent Variable NDF 
Covariance Structure Variance Components 
Estimation Method REML 




Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Containment 
 
Class Level Information 
Class Levels Values 
Community 4 DUKO TIBALI TINGOLI cheyohi 
stage 2 Silking Tasselli 
Variety 3 Abontem Obatanpa Omankwa 
 
Dimensions 
Covariance Parameters 2 
Columns in X 12 
Columns in Z 4 
Subjects 1 
Max Obs Per Subject 24 
 
Number of Observations 
Number of Observations Read 24 
150 
 
Number of Observations 
Number of Observations Used 24 
Number of Observations Not Used 0 
 
Iteration History 
Iteration Evaluations -2 Res Log Like Criterion 
0 1 146.55843614   
1 1 146.55843614 0.00000000 
 
Convergence criteria met. 
 
Covariance Parameter Estimates 





-2 Res Log Likelihood 146.6 
AIC (smaller is better) 148.6 




BIC (smaller is better) 147.9 
 
Type 3 Tests of Fixed Effects 
Effect Num DF Den DF F Value Pr > F 
stage 1 15 0.25 0.6221 
Variety 2 15 0.55 0.5872 
stage*Variety 2 15 0.19 0.8260 
 
 
The SAS System 
 
The Mixed Procedure 
Model Information 
Data Set WORK.KASSIM 
Dependent Variable ADF 
Covariance Structure Variance Components 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 




Class Level Information 
Class Levels Values 
Community 4 DUKO TIBALI TINGOLI cheyohi 
stage 2 Silking Tasselli 
Variety 3 Abontem Obatanpa Omankwa 
 
Dimensions 
Covariance Parameters 2 
Columns in X 12 
Columns in Z 4 
Subjects 1 
Max Obs Per Subject 24 
 
Number of Observations 
Number of Observations Read 24 
Number of Observations Used 24 





Iteration Evaluations -2 Res Log Like Criterion 
0 1 143.38520528   
1 1 143.38520528 0.00000000 
 
Convergence criteria met. 
 
Covariance Parameter Estimates 





-2 Res Log Likelihood 143.4 
AIC (smaller is better) 145.4 
AICC (smaller is better) 145.6 




Type 3 Tests of Fixed Effects 
Effect Num DF Den DF F Value Pr > F 
stage 1 15 0.04 0.8355 
Variety 2 15 0.44 0.6516 
stage*Variety 2 15 0.11 0.8944 
 
 
The SAS System 
 
The Mixed Procedure 
Model Information 
Data Set WORK.KASSIM 
Dependent Variable IVOMD 
Covariance Structure Variance Components 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 




Class Level Information 
Class Levels Values 
Community 4 Cheyohi Duko Tibali Tingoli 
stage 2 Silking Tasselli 
Variety 3 Abontem Obatanpa Omankwa 
 
Dimensions 
Covariance Parameters 2 
Columns in X 12 
Columns in Z 4 
Subjects 1 
Max Obs Per Subject 24 
 
Number of Observations 
Number of Observations Read 24 
Number of Observations Used 24 





Iteration Evaluations -2 Res Log Like Criterion 
0 1 92.39838766   
1 1 90.79003046 0.00000000 
 
Convergence criteria met. 
 
Covariance Parameter Estimates 





-2 Res Log Likelihood 90.8 
AIC (smaller is better) 94.8 
AICC (smaller is better) 95.6 




Type 3 Tests of Fixed Effects 
Effect Num DF Den DF F Value Pr > F 
stage 1 15 0.82 0.3784 
Variety 2 15 2.50 0.1155 




The SAS System 
 
The Mixed Procedure 
Model Information 
Data Set WORK.KASSIM 
Dependent Variable ME 
Covariance Structure Variance Components 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 




Class Level Information 
Class Levels Values 
Community 4 Cheyohi Duko Tibali Tingoli 
stage 2 Silking Tasselli 
Variety 3 Abontem Obatanpa Omankwa 
 
Dimensions 
Covariance Parameters 2 
Columns in X 12 
Columns in Z 4 
Subjects 1 
Max Obs Per Subject 24 
 
Number of Observations 
Number of Observations Read 24 
Number of Observations Used 24 





Iteration Evaluations -2 Res Log Like Criterion 
0 1 59.86124549   
1 1 55.20247374 0.00000000 
 
Convergence criteria met. 
 
Covariance Parameter Estimates 





-2 Res Log Likelihood 55.2 
AIC (smaller is better) 59.2 
AICC (smaller is better) 60.0 




Type 3 Tests of Fixed Effects 
Effect Num DF Den DF F Value Pr > F 
stage 1 15 1.20 0.2897 
Variety 2 15 1.49 0.2565 
stage*Variety 2 15 0.87 0.4383 
 
 
 
 
